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Abstract
By the age of five, a child ought to have mastered the expertise of bilateral integra-
tion, utilizing both sides of the body simultaneously, called “crossing the midline”.
Children who have trouble crossing the body’s midline, frequently experience diffi-
culties with mundane, day-to-day activities. In order to overcome midline crossing
difficulties, children require treatment from occupational therapists. Many children
living in rural South Africa, however, are not afforded the opportunity of receiving
adequate health services. If a child requires health services such as occupational
therapy the child will either have to travel long distances to be treated or may not
even be aware that they have a condition that needs treatment. Using an agile
approach and understanding the challenges children who suffer from crossing the
midline face, this dissertation focuses on whether a serious game accompanied by an
input device can assist occupational therapists identify whether a child has pathol-
ogy with midline crossing, and whether such a device can assist in treating the child
remotely where appropriate. Feedback received from occupational therapists, in
both the development and testing phases, verified that the solution produced would
assist them in assessing and treating children who have midline crossing difficul-
ties. The affordability of the solution makes it suitable to implement in areas where
occupational resources are limited.
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“This year, we will take a significant step towards universal access to quality health-
care for all South Africans,” exclaimed Cyril Ramaphosa, the president of South
Africa, at the State of Nation Address in 2019. However, rural communities in South
Africa are faced with a variety of access barriers regarding healthcare. ‘Access’ re-
lates to the opportunity of attaining appropriate and quality health services [1]. In
addition, ‘Access’ is concerned with the ‘degree of fit’ or compatibility between the
health system on the one hand and individuals who need to use these services on the
other [1]. Individuals should be able to conveniently and confidently access public
health services in their residential areas. Yet, due to a lack of funding in rural areas,
and an unequal distribution of healthcare capacity between rural and urban regions,
rural residents often experience hurdles accessing healthcare. The development of
innovative healthcare models is therefore required to ensure that healthcare is ob-
tainable in a timely manner and is of an acceptable standard. By implementing
creative healthcare solutions in rural areas individuals in those communities will be
afforded the care they deserve.
In 2016, 48% of the 8.9 million children aged 0-6 in South Africa were living in
households belonging to the lower household income quantiles [2]. Omotoso et. al [3]
states that the “South African health system has been described as a two-tiered sys-
tem divided along socioeconomic lines.” The distinction between private and public
healthcare sectors is that although public healthcare is offered to all citizens of South
Africa there are many disadvantages such as long wait times, rushed appointments,
old facilities, and poor disease control and prevention practices. Conversely, the pri-
vate healthcare sector has many incentives that set it apart from public healthcare,
such as short wait times, appointments are not rushed, better facilities, and proper
disease control and prevention practices [4].
It is evident that there is an abundance of children living in rural areas in South
Africa who are not afforded the opportunity to receive adequate health services.
The environment in which children grow up also plays a role in their cognitive and
psychosocial development [5]. The first one thousand days in a child’s life could
hold the key to unlocking their life-long potential. These are the formative years
where factors such as adequate healthcare, good nutrition, good quality childcare
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and nurturing, a clean and safe environment, early learning and stimulation will, to a
large extent, influence his/her future as an adult [5]. If a child requires health services
such as occupational therapy, the child will either have to travel long distances
to be treated or may not even be aware that they have a condition that needs
treatment. If the child is experiencing difficulties regarding their health due to
insufficient medical attention, or are unaware that they have a condition, their ability
to perform mundane day to day activities may be hindered.
Occupational therapy provides targeted activities to treat or assist clients with
physiological, psychological, and/or social impairment [6]. Occupational therapy
enables clients to obtain independence in life and prevent physical deformities. This
therapy has strong ties to the field of engineering as advances in technology allow
for the constant innovation of interventions for clients. The advancement of technol-
ogy has allowed for the development of more specific diagnostic techniques detailing
the deficits clients experience as well as new innovative methods in treating clients
[7]. The incredible pace of dissemination and acceptance of mobile technology and
the availability of the internet allows for the provision of many new products, de-
velopments and services, especially in health. Creative tools enabling children to
overcome their challenges are increasingly becoming a possibility. At the forefront
of this application of technological advancements in occupational therapy is serious
games [8]. For the purpose of this research serious games are described among other
things as digital games, virtual environments, simulations and mixed reality which
engage the player. These serious games form encounters and experiences which
convey meaning [9]. The rehabilitation process exploits brain plasticity, the ability
to regain function by creating neural pathways generated in response to multiple
repetitions and retraining [10].
One of the challenges that a child might face that affects their physical well-being
as well as their future development relates to being able to cross the midline. By
the age of five years, a child ought to have mastered the corresponding expertise of
bilateral integration, utilizing both sides of the body simultaneously, called “crossing
the midline”. The midline is an imaginary line that isolates the left and the right
parts of the body. Crossing the midline infers that a body part (example hand or
foot) can spontaneously move over to the opposite side of the body to perform an
action. To clarify, a child who has difficulty crossing the midline can physically
perform actions that cross the centre of the body however they do not intuitively
cross the midline when challenged with a task that requires this movement as they
“see” an “imaginary line” that stops them. This means that when a child who has
difficulty crossing the midline is confronted with actions such as scratching an elbow,
crossing legs or reading and writing from left to right, the child is unable to perform
the action in the correct manner. When the midline is crossed spontaneously, paths
in the mind are developed. This is a prerequisite skill essential for the advancement
of various motor and cognitive skills. Children who have trouble crossing the body’s
midline, frequently experience difficulty with reading, writing, tying their shoelaces,
brushing their teeth and participating in physical activities [11].
Neuroplasticity refers to the ability of the brain to structurally and functionally
adapt, which is enhanced by training and experience. It is known that neuroplastic-
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ity is at its maximum in a critical period which corresponds to the first seven years
of a child’s life [12]. Therefore, with the development of a serious game and the
neuroplasticity of the child’s brain at this age, the child may be able to develop the
required pathways to conduct movements that once seemed impossible. With the
integration of technology and the innovation and creativity of this approach, a ben-
eficial method of mitigating impositions such as midline crossing could be developed
to assist these occupational therapists treat children. In an effort to understand
the challenges children who suffer from crossing the midline face, the project titled
Interactive Game for Children with Difficulty crossing the Midline was conducted
[13]. The project created a serious game accompanied by an input device that could
be used to assist occupational therapists during treatment. A demonstration can be
seen on https://www.youtube.com/watch?v=PJ-61VxonzI&feature=youtu.be. The
results obtained from [13] did not provide a full working solution, various of the lim-
itations encountered were identified in [14]. Therefore, this dissertation aims to
further the research conducted in the above-mentioned project with the purpose of
providing an end-to-end working solution as well as solving some of the challenges
encountered in previous work.
1.2 Problem Statement
Today, occupational therapists will use arts and crafts in which actions such as
threading beads, cutting, pasting and folding paper are used as these actions require
the midline to be crossed. Finger puppets or stickers are also used by placing or
sticking the puppets or stickers on one of the child’s hands and then encouraging
the child to remove the puppet or sticker with the opposite hand. Building blocks,
playing twister and marching games using arms and legs are also common methods
used by therapists. However, these traditional methods that occupational therapists
use to treat children are unable to quantify whether the child has pathology with
midline crossing. Occupational therapists will observe if the child exhibits actions
as follows:
 Swap hands mid way through a task when writing, drawing, painting or colour-
ing.
 Use the left hand for activities on the left side of the body and right hand for
activities on the right hand side.
 Rotate their trunk to the opposite side when reaching across the body (to
avoid crossing the body mid-line).
 Have difficulty visually tracking an object from one side of the body to the
other, such as following text when reading.
 Have poor pencil skills (pencil grip).
 Use different feet to kick a ball (mixed dominance).
 Have difficulty coordinating gross motor patterns (e.g. crawling, skipping,
star-jumps)
Based on their observations and discretion they will conclude whether the child
has difficulty crossing the midline[15]. Assessment is an integral part of the oc-
cupational therapy process and a necessity for evidence based practice. Without
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appropriate measurement, therapists cannot provide evidence for interventions of-
fered. Information obtained through standardised assessment provides reliable data
that can assist therapists in justifying occupational therapy services. When thera-
pists write reports for the child it is challenging to justify the child’s improvement
because there is no criterion to compare it with. In addition, numerous children up
to the age of five years old living in developing countries, including South African ru-
ral areas, face exposure to multiple risks affecting their early childhood development
[16]. These children and their parents are often not aware of the functional difficul-
ties they may have and even if they are aware, they need to travel far distances to
receive the therapy they require.
1.3 Research Question
The primary goal of this research is to answer the following question: can a serious
game accompanied by an input device assist occupational therapists identify whether
a child has pathology with midline crossing and assist in treating the child remotely
where appropriate? The primary objective will be divided into four smaller sub-
objectives in order to create smaller more manageable targets that when combined
form the fully functional end product. Each sub-objective will be explained further.
The first sub-objective is to establish whether the input device that was previ-
ously designed in [13] can be improved when capturing the movement of the child.
The first sub-objective will include:
 Ensuring that an alternative power source to that which was previously de-
signed (four AAA batteries) is created in order to minimize the overall size of
the device.
 Ensuring the power source designed is rechargeable for convenience sake.
 Ensuring that the device is able to accurately control the sprite (character
controlled by user) in the game.
The second sub-objective is to design a serious game with the guidance of an
occupational therapist in which movements needed to play the game are carefully
considered according to the therapist’s needs. The second sub-objective will include:
 Assisting occupational therapists identify the pathology of the child, and
 Assisting occupational therapists treat children with midline crossing difficul-
ties.
The third sub-objective is to develop an overall solution that will allow for the
storing and comparing of previous sessions’ data. The third sub-objective will in-
clude:
 Designing and integrating a database into the solution.
The fourth sub-objective is to visualize the data retrieved from the game in a
way that can assist the therapist to identify whether a child has pathology with
midline crossing. The fourth sub-objective will include:
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 Ensuring a model is designed to display the data from the database in an
interactive way.
 Ensuring that the therapist can configure the data displayed to the therapist
can be configured accordingly.
Upon completing all the sub-objectives the primary objective will then be ac-
complished.
1.4 Project Scope
Constant feedback and analysis from an occupational therapist will ensure that the
movements induced by the game are aligned with the intended movements needed
for the children and that the data visualized displays the correct information for
an assessment. Occupational therapists will evaluate the entire system as whole
to determine the suitability of the tool to actually assist them to assess and treat
children. The model designed and the interactive component built shall be:
 A refinement of the previous design and shall not be expected to be marketed.
 A two dimensional game.
 Limited to funding constraints and time.
 Limited to reliability, accessibility and availability of specific components.
 Designed to have four basic levels, any additional levels will be beyond the
scope of the project.
 For use on a computer only, a mobile application for android or IOS will be
beyond the scope of the project.
 Assisting in helping children with other fine and motor difficulties will be
beyond the scope of the project.
1.5 Research Approach
This research is multi-disciplinary and therefore guidance from an occupational ther-
apist was needed in the design of the solution. An agile Software Development
Life Cycle (SDLC) was followed when designing the solution. Professional opinions
of the occupational therapists were gathered to validate the solution in the form
of semi-structured interviews conducted. Both the design approach and research




In the following chapter, the literature relating to serious games, input devices, mid-
line crossing and occupational therapy techniques will be reviewed. Chapter three
introduces the methodology used to execute the development of this dissertation.
Both the design and research approach taken will be discussed in detail to ensure
that the project objectives are achieved in this chapter. Chapter four presents the
detailed design of the end-to-end solution including the input device, serious game
as well as the data solution. The validation of the solution as well as the feedback
received from the occupational therapists will be discussed in chapter five. Lastly,
the conclusion demonstrates how the objectives of the dissertation were met as well





As discussed in the previous chapter, some children have difficulty crossing the mid-
line. If a child avoids crossing the midline, the left hand/foot will do tasks positioned
on the left side of the body with the right hand/foot performing tasks on the right
side of the body resulting in the dominant hand/foot not getting the consistent prac-
tice required to become the stronger hand/foot. This impacts on the quality of gross
motor skills such as throwing and balancing as well as fine motor skills as neither side
becomes skilled. Occupational therapy will be able to assist the child to overcome
their difficulty of midline crossing as well as address associated areas which may be
affecting it. However, because therapy is not as accessible in rural areas, alternative
ways to address this problem need to be developed. This chapter will begin by
introducing the idea of engineers collaborating with occupational therapists. The
occupational therapy process will be discussed in order to understand the current
methods of assessment. The way in which occupational therapists identify whether
children have pathology with midline crossing as well as the conventional way of
treating this problem will be discussed. A detailed review of existing literature as
well as the relevance and importance pertaining to serious games and input devices
will be presented. A solution known as telehealth that aims to deliver occupational
therapy services in rural and remote locations will be investigated. Gaming engines
and different software design patterns that can be incorporated in the development
of games will be explored. Methods to portray scientific information visually will be
introduced.
2.2 Technical solutions to ‘people problems’
Finding technical solutions to ‘people problems’ is a special skill that requires deep
knowledge of both the end-user and their context, and an ability to work closely
with engineers to understand the possibilities and limitations of the technology [17].
Engineers have the background necessary to design and construct many useful de-
vices that can assist occupational therapists, however they are mostly unaware of
the needs of individuals with difficulties. In contrast, occupational therapists know
the needs, but do not have the technical skills or resources to design or build such
devices. The University of Alabama in Birmingham has acknowledged this and
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created an opportunity in which engineering students together with occupational
therapists develop devices as per the occupational therapists’ requirements [18].
The devices designed by the engineers in collaboration with the the therapists were
particularly focussed on children with cerebral palsy. A multi-disciplinary research
group at the University of Toronto, Intelligent Assistive Technology and Systems Lab
(IATSL) comprises of engineers, computer scientists and rehabilitation and medi-
cal researchers who leverage artificial intelligence and robotics to develop intelligent
assistive and therapeutic devices [18]. IATSL research includes obstacle avoidance
and guidance systems for powered wheelchairs, fall detection solutions, intelligent
haptic systems for stroke rehabilitation, personal robots to assist ageing-in-place
and assistive robots for people with dementia [17].
Wang [17] mentions that one of the key benefits of employing robotics and AI
is that it can yield data for evidence-based therapy. She explains that it used
to be that one could only measure therapy results with very coarse snapshots, a
client either could complete a task or they could not complete it. This kind of
feedback is potentially very demoralizing to the client, and makes it harder for the
therapist to perceive and record small changes in progress. In other words there
is no quantifiable method to identify an individual’s difficulty. Moreover, during
treatment the therapist is unable to track small changes of the individual’s progress.
With the collection of continuous data clients can have more refined therapies and
have a better sense of progress [17].
It is clear that technology is an increasingly common option that occupational
therapists use to support their clients’ occupational performance [19]. Occupational
therapists have considerable expertise in service delivery of traditional assistive de-
vices, such as wheelchairs or assistive and augmentative communication devices, and
the use of more mainstream technologies, such as tablets or smartphones, or environ-
mental changes, like grab bars. However, increasingly we are seeing the need for more
customized solutions and ever-more-advanced technological options [19]. Which is
where the need for a collaboration with engineers becomes important. Even though
there is research into systems that are beginning to be implemented to develop fine
and gross motor, cognitive and communication abilities that assist children, there
is an evident need for a low cost system that assist occupational therapists in both
identifying and treating children with difficulty crossing the midline.
2.3 Occupational Therapy Process
In its most simplistic form, the occupational therapy process can be conceptual-
ized as comprising of two stages as shown in Figure 2.1. The first stage involves
the sensing and defining of a patient’s functional problems and is accomplished
through assessment. The second stage focuses on the resolution of problems and
is accomplished through intervention and reassessment. Stage one of the occupa-
tional therapy process ends in a problem statement or a series of problem statements
that describe the functional deficits toward which occupational therapy intervention
is directed in stage two. The phrase to diagnose means to investigate or analyse
the cause or nature of a condition, situation, or problem [20]. A diagnosis is the
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end product of an investigation. The occupational therapy diagnosis thus reflects a
conclusion concerning the nature or cause of a phenomenon requiring occupational
therapy intervention. The sequence of decisions that leads to the occupational ther-
apy diagnosis is referred to as diagnostic reasoning [20]. Diagnostic reasoning is one
component of the clinical reasoning involved in the occupational therapy process.
Figure 2.1: Simplified model of occupational therapy process
Usually before a therapist approaches a patient, many diagnostic decisions have
already been made, such as what to focus on, what specific data to gather, what
methods to use to gather the data, and how much data to gather [21]. Some decisions
are made explicitly through a process of deliberate choice. Many more are made
implicitly, however, thereby reflecting professional, practice, and personal priori-
ties, habits and routines. Research on diagnostic reasoning has emanated primarily
from three psychological paradigms; information processing, judgement, and deci-
sion making [21]. From the information-processing perspective, the therapist is the
data processor. As such, the therapist searches for, collects, organizes, analyses, and
synthesizes data about a patient’s occupational status. Diagnostic reasoning in this
paradigm involves four basic processes: cue acquisition, hypothesis generation, cue
interpretation, and hypothesis evaluation [22].
2.4 Midline Crossing
2.4.1 Identifying if a child has difficulty crossing the midline
Therapists often use a task/activity based approach in which they analyse the child’s
current state of development and the complexity of the task after which exercises
will help the child reach their goal [23]. An occupational therapist for example might
ask a child to clean the board from side to side as shown in Figure 2.2 or draw a line
across a page. The occupational therapist will observe if the child stops before the
midline or is able to cross the midline freely. Based on the therapist’s observations
they will identify whether the child has pathology with midline crossing. During
an assessment there is no quantifiable method to determine whether a child has
pathology with midline crossing. Occupational therapy diagnoses are often fairly
subjective [24]. The data collected from a serious game accompanied by an input
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device can contribute to and support the diagnoses of the occupational therapist and
form a complete and objective assessment thus providing a means for comparison
in terms of the development of the child.
Figure 2.2: Example of child cleaning a board to identify pathology with midline
crossing
If a child has pathology with midline crossing, frustration in the behaviour of the
child will be noticeable as the child will become angry when trying to engage in fine
motor activities due to less refined hand skills. The coordination of both sides of the
body will be less refined, leading to difficulties experienced when playing sport or
doing any physical activity. Additionally, when children have difficulty with midline
crossing, they have trouble visually tracking an object from the left to the right.
Thus when the object reaches the midline, they often blink and have to re-focus and
this results in losing their place while reading. In addition, when drawing horizontal
and diagonal lines as well as writing letters such as an ‘x’ they may segment these
lines rather than overlap them due to midline crossing difficulties [25]. Some children
may struggle to easily cross the body’s midline. When a child shows hesitancy in
reaching, stepping or looking across the midline of the body, this is known as midline
crossing inhibition. Sometimes this delay can be seen when a child hesitates or is
clumsy during gross motor tasks which require the arm or leg to cross over to the
other side. Some children with delayed midline crossing skills may display some
“compensatory mechanisms” in school that make writing really awkward for them
as shown in Figure 2.3. Crossing the midline is a treatable affliction, if a child
struggles to cross the body’s midline and is treated, milestones such as developing
a dominant hand will occur [11]. Pencil skills and fine motor tasks will be refined
easing the transition into an academic environment where those skills are expected
to be grasped [11]. The child will be able to complete self care tasks for example
brushing their teeth and getting dressed. The child will be able to kick and hit balls
as well as run because their gross and fine motor skills will be improved. Lastly,
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their ability to visually track across a page effectively will be better and therefore
result in fluent reading.
(a) Boy shifting his body all the way over to the left,
so his right hand does not have to reach over to work
on his left side
(b) A girl shifting her work over to the side to avoid
crossing their midline
Figure 2.3: Children displaying “compensatory mechanisms” to avoid crossing the
midline [26]
2.4.2 Current ways of treating children with midline cross-
ing difficulties
Listed below are some of the conventional methods of treating children with midline
crossing difficulties [11]:
 Playing with cars on a large path (lots of turns in the path)
 Painting with paint brushes (side to side movements)
 Washing the car
 Washing the windows
 Drawing the figure 8 pattern on a paper
 Wiping a table with one hand
Jonathan Jacobs 11
2.5. Customized Solutions- Incorporating Serious Games and Input Devices
2.5 Customized Solutions- Incorporating Serious
Games and Input Devices
The use of input devices and serious games can be used for occupational therapy
purposes. Serious games are introduced as a need to meet objectives that go beyond
entertainment, and benefit the user in the area that needs to be mitigated. The
applications created under the terminology of serious games induce motivation and
engage the user [27]. Professionals who work with children with impairments need
tools that maximize the skills that children have, considering their special education
needs. In general, each pathology presents diverse characteristics, and its variability
must be combined with professional strategies considering the child’s skills and not
so much their limitations [27]. It is important to focus on the child’s skills rather
than the child’s limitations in order to keep the child excited and involved rather
than unhappy and unmotivated.
An example of a serious game was developed by Demers et. al [28], a low-cost
2D virtual reality-based intervention to improve upper limb movement following a
stroke. The aim of the project was to identify whether and to what extent a serious
game actually meets the desired rehabilitation goals and how the application can be
improved. The first version of the application was evaluated by end-users (clinicians
and patients with stroke) using a focus group and individual interviews. The main
recommendations were to improve game usability, knowledge of performance and
knowledge of results feedback, as well as treatment individualization and difficulty
progression [28]. In terms of this study the results indicated that collaboration
between researchers, clinicians and the technical programming experts was needed.
Before proposing how serious games can be integrated, one major obstacle when
treating children in the conventional sense is that of boredom, because of the inten-
sive and repetitive practice required. The advantages of incorporating input devices
and the use of serious games into treatment methods is that it combats the bore-
dom factor. The child is placed into the game environment that is similar to the
real world in terms of the perceptual stimuli it exhibits which then puts the child
at ease [29]. The child then has the ability to manipulate and control some of the
stimuli and see in real time the outcome of their actions and adjust them accord-
ingly. This aspect, being the interactive component creates an engagement with the
environment allowing the child to feel and be in control of their movement. This
idea is explained as “the perceptual illusion of nonmediation” [30]. The sensations
that are familiar and that are present when playing the game and the ability for
the child to control and manipulate the stimuli that surround them, generates the
psychological effects of enjoyment and particularly involvement [30]. The unique
merging of purpose and pleasure develops intrinsic motivation in the child.
Applications that merge purpose and pleasure have generally come from the
gaming industry. Gaming technologies have already been applied for health and
motor purposes for a long time, ranging from stimulating physical exercise with
games like Wii Fit to games that train motor skills such as Motion Explosion for
the Microsoft Kinect. The most commonly known input devices that accompany





The Kinect sensor has been highly investigated and used for the development of
new complements that help to improve or optimize rehabilitation processes around
the world. Ruiz and Cantos [31] in 2012 designed a therapeutic tool using the
Kinect for neurorehabilitation using games to stimulate patients, cognitive functions,
perception and gross and visual motor skills through play. This tool verified that
patients have fun while being treated in this manner and intrinsic motivation is
achieved by merging purpose and pleasure.
Also using the Kinect and combining purpose and pleasure, Chang, Han and Tsai
[32] in 2013 performed a study in Taiwan that proposed the possibility of rehabilitat-
ing two 14-year-old adolescents with cerebral palsy through therapies personalised
to their condition. Data showed that the two participants significantly increased
their motivation for upper limb rehabilitation, thus improving exercise performance
during the intervention phases.
Along with the motivation instilled by a serious game, a game-based system with
the goal to make the stroke rehabilitation process not only enjoyable but also more
accessible was proposed by Bamrungthai and Pleehachinda in 2015 [33]. The system
consists of three modules, the Device Module (DM), the Game Module (GM), and
the Data Collection Module (DCM). The DM communicates with the Kinect device
to receive the skeleton data of the patients and send it to the GM. The system was
tested with a patient, the result proved that the patient can play the developed
game however, the patient needs to focus on balancing to maintain accurate motion
tracking of the Kinect device. Even though the patient could play the game the mere
fact that system required the patient to maintain their balance during treatment does
not provide an optimal solution that can be used in therapy sessions specifically for
children.
While the Kinect is a useful device it can however encounter the problem of
misdetection when it comes to extremity angles or overlapping extremity [34]. The
Taiwan University in 2016 proposed a new Rehabilitation Gaming System (RGS)
which focuses on the upper part of the body with wireless Inertial Measurement
Units (IMUs) and a Kinect device. The Kinect was used as the base tracking system
by the gaming system. Multiple sets of IMUs were integrated into the extremity
of the subject to calculate the angles through algorithms. Wireless IMUs were also
added to compensate for the calculating error of angles in Kinect device [34]. This
study exposed that the use of the Kinect by itself may not be sufficient and therefore
additional sensors were needed to ensure correct motion capture.
Another project that exhibited the inaccuracy of the Kinect was suggested by
Georgia Tech [35]. They developed a serious game called Superpop in which children
can do therapeutic exercises by popping bubbles. The system is able to monitor
progress and allows the therapist to adjust the game based on the needs of the
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children. This project rests on the principle of using available technology(Kinect)
to enable the therapy setting to move to children’s homes whilst still being able
to monitor their progress. Vergara, Li and Howard [35] furthered this study by
enhancing the game aesthetics and validating the accuracy of Kinematic assessment
using markerless versus marker based motion capture systems. In their study they
identified that currently the most precise technology are marker-based systems, like
the Vicon and OptiTrack systems [36]. Some limitations include: cost, the necessity
for a controlled environment, and the time required for marker placement. As such,
marker-based motion capture systems have generally been limited to the clinical
setting.
2.5.2 Wii Fit
The Wii Fit is a commercial product used for both fitness and fun and was created
to encourage people to exercise as well as improve balance. The Wii Fit uses the
Nintendo Wii console and a balance board. A study conducted by the University
of Naples found that the Wii Fit showed better improvements regarding physical
therapy in terms of the balance and self confidence than conventional treatment
[37]. It was concluded that the Wii Fit is acceptable as an adjunct to virtual
rehabilitation intervention and provide an exciting new therapy device [37]. The
Wii console does not provide a platform or offer a game in which more specific
impositions such as difficulty crossing the midline can be treated. If one wanted to
use the Wii for treatment or training purposes one would need to purchase not only
the balance board but the console and remote too. Thus making it too expensive
for the communities this study is aimed at.
2.5.3 Leap Motion
The Leap Motion Controller is a computer hardware sensor device analogous to a
mouse [38]. Using motion capture technology, the Leap Motion is able to process
input. It does not require direct hand contact to the device as an input but rather
hand and finger motions are tracked. Despite the small size of the Leap Motion it
is capable of capturing smaller detail such as finger movement.
The Leap Motion is smaller and cheaper than the Kinect, however the Kinect
is more precise in capturing movement. Sourial and Reichardt [39] proposed imple-
menting a virtual therapist (VT) to help the patient do his exercises at home in an
engaging gamified environment. The VT artificial intelligence used hierarchical finite
state machine architecture. Hand therapy helps the patient to regain the hand’s full
functionality after a certain injury or surgery. Hand therapy could be a very tedious
process that implies physical exhaustion [39]. Also finding appointments with the
therapist frequently enough for an efficient healing process, is difficult and costly.
To test the efficiency of the VT, a web hand therapy exercise was implemented using
Unity platform to build the exercise environment. Leap motion technology was used
to detect the information of the hand movement. This exercise was tested with 19
persons. The idea of being coached by a VT was welcomed by the test subjects.
As the exercise was fun and motivating to them. The VT guidance and assessment
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were helpful and easy to follow. However, some modifications are needed in the pain
detection part to form a more efficient exercise [39].
Another system also using the Leap Motion, capable of improving fine motor
skills in children was proposed by Hidalgo et. al [40], through a serious game and
a 3D environment. The proposed system allowed the therapist to choose between
different levels of serious games according to what the child needs. The game ex-
cited the children however the children took time to adapt to the game due to the
inaccurate readings of the Leap Motion. Therefore, it can be noted that including
different levels creates excitement for the child as they experience different chal-
lenges however when technology interferes with the game or is difficult to use, the
child takes time to become familiar with the system.
2.5.4 RealSense
The motion capture system Intel RealSense enables fine-motoric gesture recognition
and its small form factor allows for pre-integration into notebooks and tablets, sub-
stituting conventional cameras [41]. This setup enables new methods of therapy in
the form of serious games which are engaging and easy to set up. Chhor, Gong
and Rau [41] developed and evaluated a serious game prototype for rehabilitation
employing Intel’s RealSense (called “Breakout”) based on a commercial game frame-
work. Despite the fact that the RealSense can integrate easily with the applications
mentioned above it is an expensive application, therefore with the aim for the device
in this dissertation to be low cost the RealSense does not yield a favourable solution.
While there are many input devices that can be used for therapeutic reasons,
they each have shortcomings that would need to be addressed to make them more
suitable when used by a child who has pathology with midline crossing, especially in
rural areas. The common drawback between all the devices is the cost. The device
needs to be of low cost in order for clinics and crèches in rural areas to afford it.
Whilst studies with a serious game and the Kinect showed that the individual is
more motivated, enjoyed therapy and even enabled therapy to be more accessible
there are issues like misdetection and accuracy problems that the Kinect exhibits.
In order to mitigate these issues additional sensors can be used therefore adding
to the complexity of the device. The Wii provides a suitable solution for physical
training and balance in particular but there are no games that explicitly aim to
treat or assess children with midline crossing. At first the Leap Motion in the
solution to develop a virtual therapist seemed like a suitable device however with
the inaccurate readings that stem from the device effecting the game experience,
the device would not be suitable for children. The RealSense as mentioned in the
previous section is a fitting tool but due to the price of the device it is not suited. In
the project Interactive Game for Children with Difficulty crossing the Midline a low
cost input device was proposed that used inertial measurement units(IMUs) and a
magnetometer, although the device was able to simulate the motion of the child’s
arm when moving there were aspects that caused problems with the accuracy of the




There are many games, with vastly different themes and goals. Games can be
played cooperatively or competitively, alone, with other physically present players,
with players online or are played on various devices from consoles (e.g. Wii, Xbox)
to computers to cell phones. Therefore in terms of genres and the vast array of
dimensions on which games can vary, a comprehensive taxonomy of contemporary
games is exceedingly difficult to develop. Granic et al.[42] provides a helpful frame-
work to categorize the genres along two dimensions: the level of complexity and the
extent of social interaction. Table 2.1 shows how games can be classified as more or
less social and more or less complex along the two axes, in order to determine how
they might facilitate particular therapeutic goals [43].
Table 2.1: Table showing framework for selecting a game genre by level of complexity
and social involvement






Halo, Call of Duty
Grand Theft Auto, Assassins Creed













Mario Kart, Need for Speed
Rock Band, Guitar Hero






Super Mario Bros., Donkey Kong
Legend of Zelda, Tomb Raider
Within the simple and nonsocial designation there is another game genre that
should be mentioned, casual games. Casual games have been described as games
that generally involve less complicated game controls and overall complexity in terms
of gameplay. Casual games can be played on various platforms such as PC, consoles,
mobile phones and other hand held devices [44].
2.6 Telehealth
Telehealth refers to medical services provided over a technology platform [45]. Tele-
health offers a solution to assist delivery of occupational therapy services in rural
and remote locations [46]. Any form of medical care delivered via technology vs.
in-person means can be considered telehealth. Telehealth was originally devised
to bring much-needed healthcare services to rural populations, enabling patients
to receive care when they might not otherwise be able to. But even for patients
who can access care, telehealth has its appeal. In today’s modern age of on-demand
technomania, telehealth is an option in terms of convenience [45]. Telehealth can es-
sentially be broken into four categories; live video, store-and-forward, remote patient
monitoring and mobile health.
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Distance is a major problem for people living in rural areas who require spe-
cialist treatment from an allied healthcare practitioner. Living in a remote location
can mean spending an entire day in travel for a one-hour appointment [47]. Trevor
Russell a professor at the University of Queensland in the School of Health and
Rehabilitation Sciences [47] was inspired to reduce the need for excessive travel and
thus he developed the eHAB©, a platform with all of the measurement and as-
sessment tools that a therapist would normally use in a face-to-face consult built
into the system. The eHAB© system is a software platform which connects the
individual and the therapist to have a live video session. In 2009 eHAB© was li-
censed to NeoRehab. Between 2011 and 2016 17 healthcare organizations adopted
eHAB enabling 7300 Australians to receive 1850+ hours of rehabilitation. Profes-
sor Theodoros from the University of Queensland said “Telerehabilitation offers an
alternate service delivery method that allows a person to be treated in the comfort
of their own home, in their own community, no matter where they are.”
While NeoRehab focussed on telehealth with live videos, another study that also
justifies this was conducted by Worboys et. al [46]. They aimed to examine the
validity of clinical decisions made during hand therapy sessions conducted via tele-
health using live videos compared to a traditional clinical model (TCM) assessment,
and explored patient and clinician satisfaction [46]. Patient and clinician satisfac-
tion was high. Clinical decisions made via telehealth were comparable to the TCM
and consumers were satisfied with telehealth as a service option. As such telehealth
offers the potential to improve access to hand therapy services for rural and remote
patients [46].
Another approach which is beneficial for those who are unable to commute is
that by Collaborative Online Rehabilitation Environment (CORe). Tavares et. al
[48] reports the integration of different instrumented devices in the development
of CORe. This collaborative environment aims to support intelligent monitoring
devices to be used in online rehabilitation and occupational therapy, further allow-
ing the deployment of wide monitoring solutions for society supporting the health,
ageing and rehabilitation fields. Several monitoring devices, such as instrumented
gloves, a system for hand rehabilitation among other devices showcase some of the
main features of this environment. This environment aims to reduce the high de-
pendence on specialized human resources through the combination of monitoring
devices with computer aided rehabilitation, resulting in a less costly rehabilitation
approach that can be widely used by both patients and therapists to promote at-
home rehabilitation and occupational therapy.
A further study that has been done regarding telehealth with monitoring was
presented by Tacconi et. al [49]. They recommended a system prototype for sup-
porting the orthopaedics rehabilitation process at the hospital and at home [49]. In
the system, the patient gets immediate feedback on the executed exercises control-
ling a gaming interface, while the system collects data about the therapy progress.
Physiotherapists are able to remotely monitor the patient activity, and to adjust
therapy according to the data available and patient’s capacity. Motion data is col-
lected by a centralized database that keeps track of the progress of all patients, and
maintains the information on the programs. The backend system analyses the data
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and provides it asynchronously to the physiotherapist. A web application allows the
therapist to set up the rehabilitation programmes for the patient (exercises type,
number of series and repetitions, parameters in terms of angles and balance per-
centage) and to monitor how well the patient is performing [49]. Therapists can
remotely access the session data recorded and adjust the programme if needed. The
system provides therapists with a wider and more comprehensive perspective on the
therapy progress, maintaining historical data and supporting different visualizations
of rehabilitation data.
Overall, technologies involving aspects of telehealth have been developed as a
way to treat patients remotely. It is clear that each of these are beneficial methods.
Telehealth provides the opportunity to make therapy more accessible. A therapy
session can be conducted through live videos, games and remote monitoring. In the
context of children in rural areas and particularly for therapies that aim to assist
children in crossing the midline a tailored monitoring solution needs to be developed
that will assist occupational therapists and provide an opportunity for children to
be assessed and thereafter treated remotely.
2.7 Hardware
2.7.1 Microcontrollers
Controller modules are devices which are used to monitor and control electrical de-
vices. A microcontroller can be embedded into a particular platform for example
the Arduino platform. A voltage regulator is required to ensure an appropriate
voltage is supplied to the microcontroller power supply. Microcontrollers allow for
sensors and their respective data to be transferred by communicating through USB
or through serial communication [50]. The microcontroller enables the data received
to be controlled and measured according to the specifications of the user. In essence,
the microcontroller serves as a processing device, which receives data from the sen-
sor, sends an action to the desired output device via the communication method
implemented whether it be by serial communication or USB.
In the microprocessors development field, ATMEL Corporation has put forward
a series of AVR microcontrollers. AVR combines the most code-efficient architec-
ture for C and assembly programming with the ability to tune system parameters
throughout the entire life cycle of key products [51]. These AVR microcontrollers are
based on a RISC architecture that combines a rich instruction set with 32 general-
purpose working registers. It is fast enough to execute powerful instructions in a
single clock cycle and provides the latitude needed to optimize power consumption.
It can also support the in-system programming (ISP) mode by on-chip boot pro-
gram. ISP is the ability of some programmable logic devices, microcontrollers, and
other programmable electronic chips to be programmed while installed in a com-
plete system, rather than requiring the chip to be programmed prior to installing
it into the system [52]. The primary advantage of this feature is that it allows
manufacturers of electronic devices to integrate programming and testing into a
single production phase, rather than requiring a separate programming stage prior
to assembling the system. This may allow manufacturers to program the chips in
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their own system’s production line instead of buying preprogrammed chips from a
manufacturer or distributor, making it feasible to apply code or design changes [53].
The Arduino is based on an ATmega328 8-bit programmable microcontroller. A
printed-circuit board positions the microcontroller in a circuit so that the input/out-
put (IO) pins are easily accessible. The microcontroller contains 32 kilobytes (KB) of
flash memory for program storage and 1 KB of non-volatile data-storage memory. IO
lines consist of 14 digital pins and 6 analog pins, which provide 6 channels of 10-bit
analog-to-digital (A/D) conversion capability. The microcontroller contains many
built-in features, including timer/counters, internal and external interrupts, serial
and other communication-protocol capabilities, programmable watchdog timer, and
low-power, energy-saving modes. Versions of the Arduino board are available which
use other, more-powerful microcontrollers, have additional IO pins, and have dif-
ferent physical sizes. Devices operate at either a 5V level and oscillator speed of
16MHz or a 3.3V level and 8MHz [54].
2.7.2 Bluetooth Module
The HC-06 Bluetooth chip is a low-cost, low-power wireless communication chip,
and the operating voltage is stable at 3.1V-4.2V. The datasheet has been included
for reference in Appendix A14.
2.7.3 Boost Converters
A boost converter (step-up converter) is a power converter with an output DC volt-
age greater than its input DC voltage. It is a class of switching-mode power supply
(SMPS) containing at least two semiconductor switches (a diode and a transistor)
and at least one energy storage element. Filters made of capacitors (sometimes in
combination with inductors) are normally added to the output of the converter to
reduce output voltage ripple [55]. An example of a boost converter module is the
TPS6109.
The TPS6109 module provides a power supply solution for products powered by
either a one-cell Li-Ion or Li-Polymer, or a two-cell alkaline, NiCd or NiMH bat-
tery and required supply currents up to or higher than 1 A the datasheet has been
included in Appendix A7. The converter generates a stable output voltage that is
either adjusted by an external resistor divider or fixed internally on the chip. It pro-
vides high efficient power conversion and is capable of delivering output currents up
to 0.5 A at 5V at a supply voltage down to 1.8 V. The implemented boost converter
is based on a fixed frequency, pulse-width- modulation (PWM) controller using a
synchronous rectifier to obtain maximum efficiency. Boost switch and rectifier switch
are connected internally to provide the lowest leakage inductance and best EMI be-
haviour possible. The maximum peak current in the boost switch is limited to a
value of 2500 mA. The converter can be disabled to minimize battery drain. During
shutdown, the load is completely disconnected from the battery. A low-EMI mode is
implemented to reduce ringing and, in effect, lower radiated electromagnetic energy
when the converter enters the discontinuous conduction mode.The output voltage
can be programmed by an external resistor divider or is fixed internally on the chip.
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2.7.4 Charge Management Controller
Rechargeable batteries are are used for energy storage solutions for the modern
technologies such as portable electronics, electric vehicles, energy storage systems
and renewable energy systems. Among them the Li-Ion batteries are being used
dominantly due to their several advantages including high energy density, long cycle
life, high working cell voltage, lack of memory effect and low self-discharge rate.
In addition, the Li-Ion batteries are robust to deep discharge, high charge rate
(C-rate) and high ambient temperature which may affect their performance and
life-span as well. Nevertheless, care must be taken to charge and discharge the Li-
Ion batteries in order to obtain its optimal performance and longer life-span since
it is strictly prohibited to overcharge and over discharge it. Therefore the fast and
safe charge method without deteriorating the performance and life of the battery is
highly desirable for the battery chargers [56].
The MCP73831 charge management is a highly advanced linear charge manage-
ment controller for use in space limited, cost-sensitive applications. The datasheet
for the MCP73831 module has been included in Appendix A6. Along with its small
physical size, the low number of external components required make the MCP73831
ideally suited for portable applications. For applications charging from a USB port,
the MCP73831 adhere to all the specifications governing the USB power bus. The
MCP73831 employs a constant-current/constant voltage charge algorithm with se-
lectable preconditioning and charge termination. The constant voltage regulation is
fixed with four available options: 4.2V, 4.35V, 4.40V, 4.50V to accommodate new,
emerging battery charging requirements. The constant current value is set with
one external resistor. The MCP73831 device limits the charge current based on the
temperature during high power or high ambient conditions. This thermal regulation
optimizes the charge cycle time while maintaining device reliability.
2.8 Gaming Engines
Currently there are no specific standard development tools to design and develop se-
rious games, so developers must use game engines that are specifically for entertainment-
based games [57]. The choice of the development tool (game engine) is very impor-
tant, due to the variety of tools on the market [58]. The operation, the technical re-
quirements, the use, rendering, physics among others are also important factors that
need to be considered when selecting a gaming engine. Furthermore, the method-
ology is a key factor for the success of the final product. Game engines facilitate
and simplify the work by providing beneficial abstractions for the operating system
and hardware on top of which the game is built [59]. Unity3D is the leading global
game industry software [59]. Unity3D follows agile game creation and facilitates
quick prototyping and has quick development speeds. Unity3D contains an Asset
store which is similar to any of the App stores found on Android or IOS devices. A
game engine consists of various modules which together enable the development of
the game, Table 2.2 shows the various modules in a game engine and briefly explains
the specific modules function [60]:
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Table 2.2: Table showing game modules in Unity3D
Game Module Description
Physics engine
Make the game world as realistic as possible regardless of the
events that are decided by the gamer (for the main character) and
by the AI modules for the Non-Player Character (NPC). These
modules also simulate the behaviors of movable elements of the
world according to physics laws.
Artificial Intelligence (AI)
Management of the NPC is achieved by some specific modules,
which mix pre-computed scenario with behaviors that are gener-
ated on-the-fly to give the illusion of intelligence.
Scripting
Contain the gameplay itself. From the captured inputs (given by
specific modules), the game developer details the series of game
content and events in a scripting language, which is specific to
every framework.
Multimedia rendering
Responsible for generating the graphical and audio elements of
the game.
Input
Capture the commands of the gamer (e.g.,joystick, keyboard, and
now VR sensors) are all concentrated on a set of modules.
Networking
Implement communication routines and protocols for multiplayer
games and server-based games. With respect to the requirements
of gamers.
2.9 Software Design Patterns
“Change” is one familiar word in software development, design patterns provide a
reusable solution to pre-empt these modifications. A design pattern cannot be con-
sidered as a finished design that can be transformed directly into code but rather
a template to solve a problem that can be used in different situations [61]. Design
patterns prevents new developers from entering traps and pitfalls that have tradi-
tionally been learned through costly experiences. There are various design patterns
that can be implemented the strategy, iterator, adapter and facade patterns will
briefly be discussed. The strategy pattern can be seen as group of algorithms where
each algorithm is interchangeable depending on what is requested, it lets the algo-
rithm vary independently from the client using it [61]. The algorithm and its use is
separated into different objects. The iterator pattern exposes elements of an aggre-
gate object without revealing its underlying representation. In general the primary
purpose of an iterator is to allow a user to process every element of a container
while isolating the user from the internal structure of the container. An issue arises
when classes require to communicate with other classes that have incompatible in-
terfaces. The adapter pattern converts the interface of a class into another interface
the clients expect. This acts to decouple the client from the implemented interface,
and the interface to changes over time, the adapter encapsulates that change so
that the client doesn’t have to be modified each time it needs to operate against a
different interface [61]. Lastly the facade pattern provides a unified interface to a
set of interfaces in a subsystem. A facade defines a higher level interface that makes




Data visualization can be referred as a way to portray information in a scientific
and graphical way using visualizations on dashboards [62]. The main aim of data
visualization systems are to transform data into a meaningful format in which the
viewer can understand what is being displayed and provide insight into what the
data represents. Data visualization is a branch of Big Data analytics that allows
end users to analyze, understand, and extract insights from data simply looking
at its representation. In the field of healthcare, end users include personnel and
practitioners of healthcare centers, clinicians, and researchers in charge to evaluate
the health status of a patient and, in some cases, take decisions on treatments.
Often, these persons are not very confident with information and communication
technologies [63]. Thus, they need easy to use software solution, and visualization
tools able to provide a clear picture of the patient. This is a very important task
especially in scenarios where health care operators cannot have direct contact with
their patients, but rely on video communications and/or remote IoT devices. Busi-
ness intelligence tools enable data to be transformed using personalized dashboards.
The concept of Business Intelligence (BI) refers to the relationship between IT and
business processes. Information systems are responsible for transforming data into
information and subsequently information into knowledge [64]. BI platforms are
capable of collecting, organizing, and sharing data that later can be used to support
decisions. The amount of data available is constantly increasing and therefore ways
to visualize and analyse the data is required.
The way the human brain works makes it difficult to find patterns and draw
conclusions from reports and data tables. BI tools of data visualization is a set
of mechanisms that provide essential information for decision making supported by
graphs, tables and dashboards (allow you to and view key performance indicators,
known as Key Performance Indicators (KPI))[65].
There are several advantages of integrating BI tools for data visualization. It
changes the perspective of how data is perceived it also motivates the viewer be-
cause the human brain is more receptive to images than data in text and numbers
format [66]. The fact that you can create visualizations provides the possibility of
discovering standards that can lead to increased productivity. The two visualization
tools that shall be briefly discussed is Tableau and Microsoft’s Power BI.
2.10.1 Tableau
Tableau Desktop is the tool that enables the creation of views which are aggregation
visualizations of the data, the visualizations are shared on the Tableau Server. The
main element of Tableau architecture corresponds to the various data sources you
can connect to, be they files (MS Excel, Json, Pdf, etc) or servers (TableauServer,
MySql, Microsoft SQL Server, etc). Tableau has integrated / SQL connector that





Power BI is a set of tools, connectors and services that allow viewing and analysis
of data imported from huge sources, files, data servers as well as online services and
Azure. Power BI is a desktop application that enables you to transform the data
into visualizations. It is mostly used for creating reports that can be shared on the
Power BI service. Power BI is available on mobile devices(Android, iOS, Windows)
which serves advantageous.
Table 2.3: Table comparing Tableau and Power BI visualization tools
Tableau Power BI
Software Application Desktop Application Desktop
Structure of Preview Graphics, maps, multiple tables, dashboards Graphics, maps, tables, dashboards
Operating System Mobile devices, iOS, Android, Windows Mobile, iOS, Android, Windows
License Commercial, Trial version 14 days Commercial, free of charge
Scalability Apache Hive, NoSQL etc. Apache Hive, MongoDB, date etc.
2.11 Chapter Summary
This chapter began by discussing how engineers and occupational therapists can
merge their skill sets to develop solutions to assist occupational therapists and ul-
timately the therapists’ patients. The process an occupational therapist follows
when assessing their client and particularly the conventional methods of identifying
whether a child has pathology with midline crossing was investigated. An in depth
literature review of how serious games and input devices have been used in reha-
bilitation and therapy was conducted. From the research analysed a clear gap was
established, the solutions presented in this literature review aim to design tools for
neurorehabilitation, treat disorders such as cerebral palsy, focussed on rehabilitation
of the upper limbs, assist in the rehabilitation for stroke patients, strengthen and
enhance training techniques for professional sportsman and even therapeutic games
specifically for gross motor skills was developed. However, using a serious game
accompanied by an input device to assist an occupational therapist identify and
treat children with midline crossing difficulties is an area that needs to be further
explored. The benefits of telehealth and how it can be incorporated into a solu-
tion to provide therapy to rural populations was identified. The chapter concluded
with remote rehabilitation environments whereby solutions to enable occupational





In the previous chapter a literature study was conducted to explore the current prac-
tices and existing methods that occupational therapists use to treat children who
have midline crossing difficulties. The research in this dissertation builds on research
conducted on previous work, where a serious game to assist occupational therapists
treat children with difficulty crossing the midline was proposed [13]. This disserta-
tion aims to develop a solution to assist occupational therapists identify whether a
child has pathology with midline crossing and assist in treating the child remotely
where appropriate. To achieve this goal the issues encountered from the previous
project were re-engineered and the additional applications needed to produce the
full solution were established. Various iterations of the device and the game devel-
oped were examined, after each iteration the occupational therapist expressed the
changes needed to contribute to the ultimate solution. A research methodology is
a way to systematically solve the research problem under study. In this chapter
the design and research methodology used to solve the problem will be identified
and explained, other possible methods of research designs will be briefly discussed,
the research instruments and procedures of the chosen methodology will also be
presented.
3.2 Design Approach
An Agile Software Development Life Cycle (SDLC) approach was taken to develop
the end-to-end solution. Agile software development follows an incremental and
iterative approach [67]. It does not involve long-term planning; instead creates a
working model and adapts to change requirements quickly as per the continuous
feedback received from the intended user. This methodology was chosen because of
the frequent feedback that was received during the design process allowing an occu-
pational therapist (collaborator) to evaluate the solution and give recommendations.
Figure 3.1 shows the iterations in the Agile SDLC. It should be mentioned that each
component of the solution was developed separately through the iterations, however
the components were integrated and tested at the end of each iteration. The input
device and the serious game from the previous project [13] were used as a foundation
to enhance the design whilst the data visualization component was designed at the
commencement of this dissertation.
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Figure 3.1: Iterations in the Agile SDLC
The primary goal of this research was to investigate if a serious game accompa-
nied by an input device can assist occupational therapists identify whether a child
has pathology with midline crossing and assist in treating the child remotely where
appropriate. As mentioned in chapter one in order to achieve the primary objective,
the objective was divided into smaller sub-objectives in order to create smaller more
manageable targets that when combined form the fully functional end product.
 The first sub-objective is to establish whether the input device that was pre-
viously designed [13] can be improved when capturing the movement of the
child.
 The second sub-objective is to design a serious game with the guidance of
an occupational therapist in which movements needed to play the game are
carefully considered according to the therapist’s needs.
 The third sub-objective is develop an overall solution that will allow for the
storing and comparing of previous sessions’ data.
 The forth sub-objective is to visualize the data retrieved from the game in a





In order to satisfy the first sub-objective the input device that was previously de-
signed shown in appendix A12 needed to be improved. The Agile SDLC was followed
where different modules were investigated in an iterative manner until the desired
results were achieved.
3.2.2 Serious game
In order to satisfy the second sub-objective a serious game was required to be de-
veloped, the serious game was initially developed in [13]: (included in Appendix
12 for ease of reference) but various iterations were conducted to ensure that the
second sub-objective was fulfilled. The previous game developed followed the simple
and nonsocial designation. The game genre chosen was a casual game because of
their low system requirements, accessibility on most devices, captivating, but at the
same time do not demand high levels of concentration from the player [44]. The
fact that the game does not take much concentration is an important factor so that
the child does not become fatigued and frustrated. Moreover, the duration of the
game particularly each stage within the game were purposely designed to be short
to retain the child’s concentration. The game developed in [13] consisted of a sprite
controlled by the child. The sprite is the terminology used to describe an avatar,
shape or character that the child has control over. The device was attached to the
hand of the child, the child moved the device in an arc shape with their arm ex-
tended in front of them while standing. The aim of the game was to collect the
faces falling at calculated position from the sky. The movements in the game en-
sured that the child crosses the midline. The game intended to prompt the child
to perform particular movements that occupational therapists would invoke when
using traditional methods of treatment. The limitations of the previous input device
and serious game designed will be further discussed in chapter 4.
The serious game was explored to determine whether it can assist the occupa-
tional therapist treat children with midline crossing difficulties. It should be clear
that the research team from the engineering faculty simply did not have the skills or
knowledge to work directly with children with impairments. There are two ethical
requirements that the research team identified. The first one was that this research is
multi-disciplinary and therefore guidance from an occupational therapist was needed
in the design process of the serious game and visualizing the data from the game
effectively. The other is that there was no treatment and testing performed directly
on the child. Consequently, professional opinions of the occupational therapists were
gathered to validate the solution. As a result, there are two roles that were required,
an occupational therapist as a collaborator and six occupational therapists as test
subjects. These roles were filled by different occupational therapists. To clarify the




Role 1: occupational therapist as a collaborator
Engineering and game development stakeholders formed a team with an occupa-
tional therapist that discussed the design of the stages within the serious game as
well as visualizing the data that results at the completion of each stage. Through an
iterative process the occupational therapist offered their recommendations for each
stage developed. The occupational therapist will be acknowledged as a collaborator
in the dissertation and publications. The occupational therapist whose role was a
collaborator did not form part of the test subjects.
Role 2: occupational therapists as test subjects
Once the full solution including the input device, serious game and data visualiza-
tion solution was developed, professional opinions from occupational therapists were
required to evaluate the end-to-end solution.
3.2.3 Data visualization
In order to satisfy the third and forth sub-objectives, a solution to store the data
from the game as well as visualize the data in a way that can assist occupational
therapists identify whether a child has midline crossing difficulties, was necessary.
The following criteria was important to visualize on the dashboard:
 How many balls did the child manage to catch in the specified amount of time?
 How many balls did the child miss?
 Average time between balls caught?
 Did the incremental distance effect the child’s ability to catch the ball?




The required data that was stored and then visualized was communicated with
the occupational therapist filling the collaborator role. At the end of each iteration
the occupational therapist filling the collaborator role gave their suggestions and
approval to whether the solution would assist them in identifying whether the child
has midline crossing difficulties.
3.3 Research design
The overall approach to verify the effectiveness of the solution was to conduct semi-
structured interviews with occupational therapists as test subjects. Through these
interviews the validity of using the proposed solution was entrenched. The therapists
were not only able to give feedback on the suggested solution but through demonstra-
tion and assessment they were able to confirm whether the solution can be applied
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and implemented. The semi-structured format intended to provide some structure
to the interviews without providing so much that the interviewee’s responses were
stifled. This partially-structured format enabled a fuller picture of the interviewee’s
unique abilities and skills, abilities that might otherwise have remained unrecognised
or unknown. The semi-structured interview format proves advantageous because it
facilitated richer responses [68]. This interview format allowed the therapists to
analyse the full working solution and the efficacy of implementing the solution into
rural areas based on their knowledge and experience.
3.3.1 Overview of possible methods
Whilst feedback from occupational therapists provides understanding and practi-
cability of the solution being implemented another possible method that was re-
searched would be to directly test the solution on children. This method would
provide quantitative results by acquiring the data collected from the game; how-
ever, the scope of practise of the researcher was limited to designing and developing
the solution not treating children. The assessment and treatment of the child is
the expertise of the occupational therapist and therefore through questionnaires




The purpose of using interviews in empirical studies is often to collect data about
phenomena that cannot be obtained using quantitative measures [69]. In studies
where the research goals are of a qualitative nature such as this one, it is appropri-
ate to rely on qualitative measures. Interviewing people provides insight into their
world; their opinions, thoughts and feelings. However, interviews are a resource-
demanding data collection method; activities such as planning, conducting and
analysing are time-consuming by nature. Therefore, the interviews were carried
out carefully, because the outcome of each interview accounts for the quality of the
data collected. The comfort of the interviewees was considered so that they were
willing to share their experiences with the interviewer. The effectiveness of the
solution was determined by reviewing the results of the interviews.
3.4.2 Procedure: occupational therapist as a collaborator
The researcher collaborated with the occupational therapist through meetings that
were conducted. A planning and requirement discussion was held at the beginning
of each iteration, as shown in Figure 3.1, to gather the requirements for each stage of
the serious game as well as the design and results represented by visualizing the data.
In addition, the researcher had regular discussions with the occupational therapist
during the development of each stage of the game to ensure alignment of the collab-
orator’s requirements to what was actually developed. Once the requirements were
clear the design and build phase began after which the components were integrated
and shown to the occupational therapist.
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3.4.3 Procedure: occupational therapists as test subjects
The researcher took each of the test subjects through a presentation detailing the
purpose of the research. The researcher conducted a demonstration of the full solu-
tion taking the occupational therapist through the game explaining how each stage
of the game is played. The occupational therapists then had the opportunity to
play the game and evaluate each stage on their own. A semi-structured interview
took place allowing the researcher to explore further into the insights provided by
the therapist. Each session was conducted individually to ensure unbiased and ob-
jective responses. The interview aimed to highlight the strengths and weaknesses of
the solution as well as the suitability of administering the solution remotely. The
interview provided the therapist with the opportunity to suggest changes and offer
recommendations. The questions were purposefully left open ended in order not to
limit the therapist’s responses. The main themes that needed to be established from
the interviews were:
 Using a serious game and input device to assist occupational therapists in
identifying and assist in treating children with midline crossing difficulties
 The benefits and applicability of the dashboard
 The applicability of the solution in areas where the availability of occupational
therapy resources are limited
Each section contained the following questions that therapists needed to com-
ment on:
1. In your opinion will using a serious game and input device assist you as a






2. Is the use of the dashboard beneficial and applicable to assist you as therapist
to identify whether a child has pathology with midline crossing? Does the






3. Can the solution be reasonably implemented and utilized effectively in areas







3.4.4 Data and Analysis
3.4.5 Input device
The device was shown to the therapist (collaborator) during the integration and
testing phase in order to demonstrate that the input device satisfies the required
movement required to simulate the movement in the game. The results of the
technical implementation that validate that the device works accordingly will be
documented and discussed in chapter five. The responses of the occupational ther-
apists (test subjects) on whether the input device supports the required movement
will also be analysed and documented in chapter five.
3.4.6 Serious game
As mentioned, discussions were held in order to design and develop the game ac-
cording to the requirements specified by the occupational therapist filling the role
as a collaborator. At the beginning of the iteration the following questions were
discussed with the occupational therapist:
 What information of the child would you require?
 How many stages should the game have?
 What are the game rules in each stage?
 What data from the game would be beneficial to store?
 Would the therapist/guardian need to store their observations?
After each iteration the occupational therapist (collaborator) gave suggestions;
these suggestions were then included in the following iteration. The occupational
therapist acting as a collaborator did confirm after each iteration that they were
satisfied and trust that other occupational therapists would also be. Once the fin-
ished prototype was developed the occupational therapists (test subjects) needed to
validate that the game can be used to assist occupational therapists to treat children
with midline crossing difficulties. The responses from the semi-structured interviews
were then analysed and documented in chapter five.
3.4.7 Data visualization
The data requirements gathered in order to develop the criteria for the system was
established through the regular discussions that were conducted with the occupa-
tional therapist (collaborator). In order to design and develop the data visualization
solution to represent the results from the game in a graphical manner the following
questions were asked to the therapist at the beginning of the iteration:
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 What information of the child would you like to see?
 What criteria would be needed to develop the model to assist in identifying
whether the child has pathology with midline crossing?
 What kind of graphs would you like to see?
As with the methodology followed when creating the serious game, after each
iteration the occupational therapist(collaborator) gave suggestions and these sug-
gestions were then included in the following iteration. Once the prototype was
developed the occupational therapists(test subject) needed to validate that the data
visualization can be used to assist occupational therapists identify whether a child
has pathology with midline crossing as well as track the progress of child. The re-
sponses from the semi-structured interviews were then analysed and documented in
chapter five.
3.5 Ethical Procedures
In order to conduct semi-structured interviews with the occupational therapists (test
subjects) ethical approval was needed. An ethics approval application was submitted
and approved along with an informed consent form (ICF) that was compiled for the
participants to sign, confirming their consent to be part of this research. The ethics
approval and ICF can be seen in appendix A1 and A2 respectively.
3.6 Chapter Summary
In this chapter the Agile SDLC was discussed and chosen as the design approach.
The research methodology selected to validate the suitability and applicability of
the solution was carried out through semi-structured interviews. The procedure on
how these sessions took place was conveyed. The following chapter will discuss the





This chapter will provide a high level solution design in order to introduce the
layers that contribute to the end-to-end solution. The limitations and difficulties
experienced when using the device and serious game that was designed and built
in the previous project will be discussed [13]. The design of the input device with
the reformed hardware design will be presented. The interventions at each stage
and the creation of the improved serious game will be explained. In addition, the
architecture of the server, database and data visualization to provide the monitoring
capabilities will be revealed.
4.2 High Level Solution Design
The system is comprised of various applications. Figure 4.1 depicts the different
applications of the system which has been designed. Figure 4.2 shows the sequence
of events and Figure 4.3 illustrates the general system architecture. The development
of the system and integration of the input device will be discussed in the following
section. There are three essential applications that embody the system which are:
A. Input device
This application relates to simulating the movement of the child and communicating
the movement with the game. The input device allows the child to control the
movement of the sprite within the game. The input device calculates the position
and interprets it according to the game that the child is interacting with.
B. Unity3D game
This application is responsible for the interaction the child and occupational ther-
apist/guardian have with the game. The mapping of the movement with the input
device is translated into the game environment and displayed on the screen, allowing
the child to control the movement of the input device and simulating that move-
ment in the game. An interface was previously designed to attract the attention of
the user and encourage them to play this interface was enhanced in this iteration.
The registration of the child will take place in the game interface. The selection of
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the stage in the game will be configured in this application. Furthermore, it will
provide the therapist with an intuitive interface where configurations that the child
requires can be made on both the game or a specific stage according to the child’s
pathology. The notes or observations of the therapist, care giver or guardian will
also be recorded in this application. The data recorded from the game is sent to the
SQL server database from this application.
C. Data visualization
The application allows for the storing and retrieving of information from both the
child and the therapists received from the game application. The data visualization
tool will display the data stored using SQL server as an input. The data stored
will be made visible to the occupational therapist in which the child’s progress can
be monitored. Based on a set of criteria produced and the observations extracted
from the occupational therapist or guardian helping the child, a method to assist
the occupational therapist identify whether the child has pathology with midline
crossing can be viewed through the dashboard. Reports specific for the child can be
generated.
Figure 4.1: High level design of the solution
4.3 Development of the System
The previous project used an input device with a serious game to assist an occu-
pational therapist to treat children with difficulty crossing the midline. Despite the
positive outcomes of the project there was functionality that needed to either be
improved or introduced as shown in Table 4.1. Where the functionality was to be
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Figure 4.2: Sequence of events
Figure 4.3: General System Architecture
improved the previous limitations will be expressed and where introduced the pro-
posed design will be presented. The sub-objective(S) that the functionality satisfies
will also be indicated. The upgraded input device, serious game and data solution
will be discussed in the following sections.
4.4 Input Device
4.4.1 Overview of previous game and device limitations
Figure 4.4 shows the high level design of the previous device communicating with
the gaming engine [13]. An overview of the previous game was presented in chapter
3. As mentioned the purpose of the input device was to control the movement
of the sprite. The sprite is the yellow face in Figure 4.5. The movements in the
game ensured that the child crosses the midline. The device contained an MPU-
6050(accelerometer and gyroscope) and an HMC5883L(magnetometer) to simulate




Table 4.1: Functionality that was improved or introduced
Functionality Improved Introduced Sub-objective (S)
Sensor(simulate child’s movement) X 1
Microcontroller X 1
Rechargeable device X 1
Boost circuit(lithium battery) X 1
Enclosure for device X 1
Serious game X 2
Stages in game X 2
Game architecture X 2
Data storage X 3
Data visualization X 4
Figure 4.4: High level design of previous device communicating with the gaming
engine
Complexities using the MPU-6050
Despite being able to access the acceleration values from the MPU-6050, the process
of using the acceleration to determine the position was not a simple task. Various
filtering methods such as a low pass filter and moving average were applied to the
MPU-6050 data. The problem was not that the data was not smooth but more that
the sensor values received from the MPU-6050 were not moving in the same axis as
reference to that of the hand. To clarify, the MPU-6050 uses gravity (downwards)
as a reference whereas the hand movement’s reference needs to be side to side. For
example consider a cube in Unity3D illustrating the change of reference when the
cube is rotated, if the y-axis pointing upwards in Position 1 (Figure 4.6) is the
reference plane, when the cube is rotated as in Position 2 (Figure 4.6) the reference
plane is then pointing down and thus has changed.
Complexities using the HMC5883L
When the HMC5883L was implemented, extensive research was conducted on how
to determine the most accurate data. It was discovered that measurement of the
magnetic field is subjected to distortion [70]. It was further identified that there
are two categories of these distortions: the hard iron distortions and the soft iron
distortions. The hard iron errors refer to the presence of magnetic fields around the
sensor for example: magnets, power supplies and wires. These hard iron objects are
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Figure 4.5: Previous game developed
Figure 4.6: Change of reference when rotated
related to measurement offset errors, while the soft iron errors refer to the presence
of ferromagnetic materials around the sensor, which skew the density of the earth’s
magnetic field locally and are related to scaling offset errors. In other words, one of
the ways to get the correct magnetometer data is to account for the both soft and
hard errors by obtaining the calibrated magnetometer data.
A magnetometer sensor model was computed in the previous study to estimate
the error. Based on the error, the data was adjusted accordingly [71]. Figure 4.7
shows a circle around the x-axis of the uncalibrated data when the magnetometer
is turned around 360◦. It can be noticed that the circle is not centred around the
x-axis, this is due to the effect of the hard iron distortions. It can be further noticed
that the so called uncalibrated circle’s circumference in Figure 4.7 is not that smooth
and round, this is because of the soft iron distortions.
Lastly, Figure 4.7 shows the calibrated data around the X-axis when the mag-
netometer is turned around 360◦ with the resultant matrix incorporated from the
sensor model. The improvement and impact the calibrated data has in terms of the
centring of the circle and the smoothness of the circumference of the circle is clearly
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Figure 4.7: “Circles” around x-axis uncalibrated and calibrated [71]
observed when comparing the uncalibrated data to the calibrated data.
At the beginning of the game, the child with the help of a guardian, would have
to choose their dominant hand. Based on the hand they choose, they would have to
hold the sensor in a specific manner. The child has to hold the sensor in a particular
way for the purposes of calibrating the magnetometer. If they were right or left
handed they will hold the sensor as shown in Figure 4.8. Videos were played in the
game demonstrating the manner in which the sensor should be held to ensure that
the process is simple for the child and guardian to understand.
Figure 4.8: Right and Left handed stance
The process and method of how the magnetometer achieved the position shall
be shown and explained. For the purpose of this explanation it will be assumed that
the child is right handed. A calibration process was required once at the beginning
of each game to record the starting position of the sensor. During the calibration
of the reference position four vectors were averaged to obtain the starting position.
The heading recorded at the starting position (reference) is set as 0◦ corresponding
to -7.5 on the X-Axis in Fig. 4.9. As the sensor moves in an arc shape the heading
would seemingly shift. The difference between the heading of the magnetometer
and the reference value taken from calibration is the calculatedHeading which would








Figure 4.9: Position on X-Axis in Game
Figure 4.10 shows how when the sensor is moved in the shape of an arc, how
the respective angles map to the positions on the X-Axis in the game environment.
The solution seemed viable if the sensor was used in the ideal manner, whereby the
sensor was moved in an arc shape without tilting the sensor, the required results
were achieved. Figure 4.11 shows the position on X-Axis if moved in the correct
way. Figure 4.12a represents the position in the game of the sprite when the hand is
held straight in front of the body (90◦) without tilting the sensor. Using Equation
(4.1) above the following can be calculated:
Position of Sprite =
88.16 × 15
180
− 7.5 = −0.15 (4.2)
Figure 4.10: Position on X-Axis corresponding to the angle in the arc
The calculatedHeading that results in Equation (4.2) provides an expected value
as it is extremely close to the actual value being 0. Measurements were taken in




Figure 4.11: Position on X-Axis corresponding to the degrees moved when the sensor
is moved in the ideal way
With the fact that this input device is designed for a child it is expected that their
movements will not be slow and gentle but rather quick and rough, these movements
would effect the readings. Figure 4.12b shows how when the hand is tilted as little
as 10◦ the respective position of the sprite on the X-Axis changes. The effect that
tilting the sensor has on the position provides undesirable results.
Position of Sprite =
55.16 × 15
180
− 7.5 = −2.90 (4.3)
When the sensor is held in front of the body but the sensor is tilted the calculat-
edHeading is incorrectly determined as shown in Equation (4.3). When the sensor is
tilted the reference in 3D space is changed. Experiments were conducted to depict
to what extent tilting the sensor impacts the required output. Figure 4.13 shows
how tilting the sensor from 10◦ to 140◦ alters the required position. The position
of the sprite on the X-Axis should not change when the sensor is tilted only if the
direction in which the sensor is pointing should the sprite move along the X-Axis.
Figure 4.13 clearly shows the limitation of using the heading of the HMC5883L to
determine the position of the sprite on the X-Axis. As the sensor is tilted from
the reference position in 10◦, increments the position of the sprite along the X-Axis
changes so much so that even if the sensor is pointing in the same direction but it is
tilted, you could move the sprite along the X-Axis without changing the direction
in which the sensor is pointing. In other words, the game will show that the child
is crossing the midline, without it actually happening. This issue will not suffice in
a game that specifically relies on the accuracy of movement.
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(a) Hand holding HMC5883L in the middle ‘straight’
(b) Hand holding HMC5883L in the middle ’tilted’
Figure 4.12: Position of Sprite when the HMC5883L is held in the middle or ‘tilted’
Figure 4.13: Graph showing how tilting the sensor effects the position on the X-Axis
4.4.2 Improved input device
Even though using a magnetometer yielded more favourable results than the ac-
celerometer, the solution was not fully sound. Not only did the tilting issues effect
the design, but before every game a calibration was required to obtain the reference
of the sensor. It did not seem to be the most suitable solution for therapists to
expect the child to perform the calibration each time they wanted to play the game
above ensuring that they do not tilt the sensor. Therefore, a more child friendly
design was needed that would be able to track the movement of the hand from side
to side (crossing the bodies midline) and transform the position into the game.
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Innovative input device- linear potentiometer
In addition to accurately transforming the movement, a device was required that
would not require calibrating the sensor. When discussions were held with an occu-
pational therapist during the design phase it was suggested that an input device be
designed that would be able to be placed on a surface. The idea behind this was to
allow the child to move their hand from side-to-side and exhibit the same motion
required when performing tasks that cross the midline such as writing. Through
extensive research into what sensors or electrical devices could be used, a clean
innovative solution was reached. The design entailed the addition of a linear po-
tentiometer. Figure 4.14 depicts a high level design of the process to be followed.
A sensor is attached to a device, the child moves the slider on the device from
side to side. The movement is then processed and transmitted to the computer via
Bluetooth. The data is then used to move the character on the screen. The code
developed for the ATMEGA microcontroller consists of two main sections, namely
the PC-ATMEGA interface and the wireless Sensor-ATMEGA interface. The wiring
of the system as well as the design of the PCB and device were initially based on
an Arduino Uno shield and eventually moved to a custom designed single board
which will be discussed in the following section. Mobile phone use at the moment
is ubiquitous even in poorer communities in South Africa. This means the fact that
a laptop is used for testing is not of relevance as Bluetooth will allow connection to
mobile phones, therefore people would not have to buy an additional platform like
they would have to for the Xbox or Wii platforms [72].
Figure 4.14: High level design of new device communicating with the gaming engine
The linear potentiometer chosen was Spectra’s 500mm SoftPot. The SoftPot
comprises of a conductive resistor, a sealed encasement and a simple wiper assembly.
The SoftPot is made up of a three-wire system with two resistive output channels
and an electrical collector channel, these layers can be seen in Figure 4.15. The
datasheet can referenced in Appendix A5.
The SoftPot produces the desired electrical output by pressing the wiper down
onto the top circuit as seen in Figure. 4.15. The “wiper” is a non-conductive mech-
anism that depresses the top circuit actuating the potentiometer from the outside
of the element. The top and bottom circuits are separated by 0.15mm(0.006”) of
spacer adhesive build-up and contact between the circuit occurs by pressure (usually
1-3 Newtons) from the wiper on the top circuit, pushing down until the top circuit
connects with the bottom circuit to create a resistor divider. The construction of the
wiper design can adapt to any application because most materials can serve as the
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Figure 4.15: Three wire system of the SoftPot and electrical output
wiper: plastics, metals, sliders, rollers, wheels, etc. The wiper application serves as
a beneficial feature in terms of designing the enclosure for the sensor because when
designing the slider, the material used is vital to provide a smooth sliding motion.
The output of the SoftPot provides the resistance corresponding to the pressure and
position of the wiper (contact). The SoftPot presents a favourable output as the
resistance changes linearly. Thus for the objective of the input device to track linear
motion, the SoftPot exhibits favourable results.
4.4.3 PCB Design
The new design of the PCB comprised of the following elements that constitute to
the schematic of the PCB that can be seen in Appendix A11.
 Microcontroller Unit (MCU)
 Wireless communication
 Sensors/External Sensor Connect
 Power solution
 Rechargeable Charging solution
Microcontroller
In previous work [14] a decision was taken to use the ATmega328P-PU micro-
controller found in the Arduino UNO by creating a circuit that incorporates the
ATmega328P-PU. This was done for convenience as the Arduino comes pre-loaded
with a bootloader allowing serial programming. When the circuit was re-designed
the ATmega328P-AU was proposed and an AVRASP was used for programming the
microcontroller allowing for more Flash memory space than using the serial boot-
loader. By default an Arduino board uses a bootloader to program itself without
the use of any external programmer hardware but for this to happen it uses 2kb of
Flash Memory for the bootloader [73]. By using the AVRASP the extra 2kb can be
used for Firmware, and the program will start execution without any of the delay
that the bootloader introduces. Furthermore the size of the ATmega328P-AU chip
is a lot smaller than the ATmega328-PU. The board was designed so that either
the motion sensors or the linear potentiometer could be used. In order to program
the board directly, pins for the AVR-ISP were assigned. The ATmega328P-AU pins
were assigned as shown in Figure 4.16.
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Figure 4.16: Schematic of AVR-ISP and Atmega pins designed in Kicad
Wireless communication
The module selected to provide the wireless communication was the same as the
previous design in [13] which was the HC-06 Bluetooth module. The module was
chosen specifically for its low energy characteristics.
Sensors
The board was designed so that either the motion sensors or the linear potentiometer
could be used as shown in the schematic in Appendix A11.
Power solution
In the previous design four AAA batteries were used to power the device [13]. A 3.7V
lithium battery was selected for the new design, the required voltage for the circuit
was 5V, therefore a boost converter was needed. The TPS61090 boost converter
was added to the design of the circuit as seen in Figure 4.17. The design procedure
and calculated values shall be explained below.
The output voltage of the TPS61090 DC-DC converter can be adjusted with an
external resistor divider. The typical value of the voltage on the FB pin is 500mV.
The maximum allowed value for the output voltage is 5.5V. The current through
the resistive divider should be about 100 times greater than the current into the FB
pin. The typical current into the FB pin is 0.01µA, and the voltage across R10 is
typically 500mV. Based on those two values, the recommended value for R10 should
be lower than 500kΩ, in order to set the divider current at 1µA or higher. Because
of internal compensation circuitry the value of the R10 resistor was set to 200kΩ.
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Figure 4.17: Schematic of boost converter designed in Kicad
From that, the value of resistor R9, can be calculated knowing that the output
voltage needed is 5V (Vo), using Equation 4.4. R9 was calculated as 1.8MΩ.
R9 = R10 × ( Vo
VFB
− 1) = 200kΩ × ( 5V
500mV
− 1) = 1.8MΩ (4.4)
The current through the resistive divider should be about 100 times greater than
the current into the LBI pin. The typical current into the LBI pin is 0.01µA, and
the voltage across R4 is equal to the LBI voltage threshold that is generated on-
chip, which has a value of 500 mV. The minimum battery voltage VBAT was set to
2.8V, this value is used for calculating only. It should be mentioned that the battery
should not be discharged below 3.3V as it will damage the battery. Furthermore,
the device designed contains LEDs to show when the battery is low, charging and
charged as will be discussed in the following section. The recommended value for
R4 is therefore in the range of 500kΩ. From that, the value of resistor R3 can be
calculated using equation 4.5. The value for R3 was calculated to be 1.8MΩ.
R3 = R4 × ( VBAT
VLBI−threshold
− 1) = 390kΩ × ( 2.81V
500mV
− 1) = 1.8MΩ (4.5)
A boost converter normally requires two main passive components for storing
energy during the conversion. A boost inductor and a storage capacitor at the
output are required. The maximum average inductor current IL was calculated
using equation 4.6.
IL = IOUT × (
VOUT
VBAT × 0.8
) = 500mA× ( 5V
2.8V × 0.8) = 1116.07mA (4.6)
The second parameter for choosing the inductor is the desired current ripple in
the inductor. Normally, it is advisable to work with a ripple of less than 30% of the
average inductor current. A smaller ripple reduces the magnetic hysteresis losses
in the inductor, as well as output voltage ripple and EMI. But in the same way,
regulation time at load changes rises. In addition, a larger inductor increases the
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total system costs. With those parameters, it is possible to calculate the value for
the inductor L1 by using Equation 4.7. 6.8µH - 2A was thus chosen for the inductor.
L1 =
VBAT × (VOUT − VBAT )
∆IL × f × VOUT
=
2.8V × (5V − 2.8V )
0.33 × 600kΩ × 5V = 6.8µH (4.7)
Rechargeable charging solution
The first sub-objective of this research was to design an alternative power source to
what was previously designed [13]. In addition to the size, a rechargeable solution
was required in the event that the device was used in a rural area and electricity was
scarce. The MCP73831 charge management controller was chosen for the design of
the charging circuit. Figure 4.18 illustrates both analog and digital circuitry of the
component with the respective values selected.
Figure 4.18: Schematic of MCP73831 Charge Management Controller
Analog circuitry
The VDD pin shown as pin 4 is the input supply for the MCP73831 device. The
MCP73831 automatically enters a Power-Down mode when the voltage on the VDD
input falls below the UVLO voltage (VSTOP). Fast charge current regulation can
be scaled by placing a programming resistor (R1) from the PROG input to VSS
as seen in Figure 4.18. The program resistor R1 and the charge current IREG are
calculated using Equation. 4.8. The program resistor was set at 2k and therefore






 R1 = 2kΩ
 IREG = mA
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The battery charge control output pin 3 is the drain terminal of an internal P-
channel MOSFET. The MCP73831 provides constant current and voltage regulation
to the battery pack by controlling this MOSFET in the linear region. The battery
charge control output was connected to the positive terminal of the battery pack as
shown.
Digital circuitry
Output 1 of the MCP73831 is the status indicator(STAT) which shows the charge
status, there are three different states: High(H), Low(L), and High Impedance(High
Z). The charge status output is used to illuminate two LEDs. When pin 1 is Low
current flows through diode D1 and the charge LED(D1) is ignited.
4.4.4 Enclosure for device
An enclosure was needed for the SoftPot and PCB. As mentioned above the material
of the ‘wiper’ was an important feature in order for the sliding movement to remain
smooth. In order to produce a constant electrical output a constant force was needed
to be applied at all times while still allowing the slider to move freely from side to
side. An adjustable inner bracket was designed to fit into the housing to maintain
the constant contact with the ‘wiper’ and the SoftPot as illustrated in Figure 4.19.
In order to enable the slider to slide smoothly from side to side grease was added to
the slide bracket. The assembled slide bracket can also be seen in Figure 4.19. The
working drawing designed using CAD is shown in Appendix A10. A 3D model is
shown in Figure 4.20 showing each component apart and a full assembled model of
the prototype. It should be mentioned that the enclosure created is a prototype and
if this device was to be mass produced the material and sliding component would
need to be further developed.
Figure 4.19: Design of parts for the slider prototype
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Figure 4.20: 3D model of the slider prototype
4.5 Serious Game
The previous project included a serious game, however, in order to fulfil the second
sub-objective additional features were added. During the design of the serious game,
the occupational therapist suggested that the game should consist of stages. At
each stage a specific intervention was focussed on. In each stage there are three
variables; distance, speed and time that are used to create a specific environment
to test. The time variable set at two minutes was kept constant in all stages. The
chosen duration was advised by the occupational therapist as a collaborator. The
duration was purposely set to be short to allow the child to concentrate for a short
amount of time without getting bored or losing focus. It should be mentioned that
each stage was designed with input and feedback from an occupational therapist.
The game is designed to comprise of four stages:
 Stage 1: Assessment
 Stage 2: Treatment
 Stage 3: Treatment (Advanced)
 Stage 4: Unregulated Round (Fun)
Each stage addresses a certain intervention and therefore the input to each stage
is different. The occupational therapist can set these inputs however they see fit.
The game environment is chosen by selecting a stage and choosing the required
values for the inputs for that stage. For the purpose of this explanation a right
handed example is used and therefore the sprite starts on the left. If the child was
left handed the sprite would start on the right. Table 4.2 shows the inputs and the
equations for the variables set.
 X0 is the starting distance
 I is the incremental distance
 S is the score
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 DV is the distance variance
 Random(a,b) is the random function that provides a random number between
a and b
 Sp0 is the initial speed
 ISp is the incremental speed
Table 4.2: Equations used in each stage
Stage Input Distance Speed Time
1 X0, I X = X0 + (IXS) constant constant
2 X0, DV X = X0 + Random(−DV,DV ) constant constant
3 X0, Sp0, ISp X = X0 Sp = Sp0 + (ISpXS) constant
4 X = Random(−7.5, 7.5) constant constant
The game flow is illustrated in Figure 4.21 depending on the stage the equations
shown in Table 4.2 will be inserted.






The assessment stage aims to determine the child’s gross ability to cross the mid-
line. This needs to be conducted in the most simplistic way possible, without altering
multiple variables. Therefore, in this stage, the speed and time variables will re-
main constant while distance is the only variable which is incremented. This allows
the game to assist the occupational therapist to determine whether the child has
difficulties with gross motor functions, and particularly, crossing the midline.
Outcome
A reference point for the child’s baseline functioning, including their ability to cross
the midline, would be established. The amount of external input they required in
order to achieve midline crossing would be noted (ie. amount of verbal prompts
and manual handling according to the guidance script). Using the results, an in-
dividualized treatment plan tailored to the child’s needs would be constructed and
developed by the occupational therapist. Depending on the child’s results and the
occupational therapist’s discretion the child can either remain on stage one or move
on to stage two.
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Figure 4.21: General game flow
Game flow stage one
Stage one takes the Starting Distance(X0) and the Incremental Distance(I) as input.
The Starting Distance is the point on the X-Axis where the first ball will be spawned
from the sky(top of the screen). The X-Axis is depicted in Figure 4.22. The Incre-
mental Distance is the distance that is incremented from the starting distance. The
point on the X-Axis where the balls are spawned are a function of the Score(S). The
Score is the amount of balls caught and returned. A ball is considered ‘returned’
when the ball reaches the left side of the screen if the child is right handed, if the
child is left handed the ball would need to be ‘returned’ to the right side of the
screen. Only once the ball has been returned will the score update consequently, the
point at which the next ball falls will increase by the Incremental Distance (increase
to the right if the child is right handed). If a ball is missed, intuitively the score will
not increase, thus remaining the same and therefore the ball will be spawned in the
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same place instead of being spawned at the incremented distance.
Figure 4.22: Position on X-Axis in Game
4.5.2 Stage two treatment
Variables




The intervention stage aims to improve the child’s gross ability to cross the midline.
This stage allows for the distance variable to be adjusted in order to advance the
child’s ability to cross the midline. Therefore, in this stage, the speed and time
variable will remain constant while the distance variable can be adjusted accordingly.
This allows the game to assist the child and intervene with the specific difficulties the
child has with gross motor functions and particularly crossing the midline. It should
be mentioned that if the child began displaying pathology with midline crossing once
reaching a certain distance in stage one this will be addressed during stage two. Stage
two will allow for the assessor to set the distance at the specific distance where the
child began experiencing problems with midline crossing. This distance can then be
adapted and graded during intervention in stage two.
Outcome
This outcome will assist occupational therapists to modify and produce a structured
treatment plan which addresses the child’s individual treatment needs with respect
to crossing the midline. The amount of external input they required in order to
achieve midline crossing still needs to be recorded as this a crucial part of their
treatment progress and improvement (i.e. number of verbal prompts and manual
handling according to the guidance script). The child’s individualized treatment
plan that was constructed in stage one is implemented in stage two. Depending on
the child’s results and the occupational therapist’s discretion the child can either
remain on stage two or move on to stage three.
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Game flow stage two
Stage two takes the Starting Distance(X0) and Distance Variance(DV) as input.
The Starting Distance is the point on the X-Axis where the first ball will be spawned
from the sky(top of the screen) the X-Axis is depicted in Figure 4.22. The Distance
Variance is the amount from the Starting Distance the distance can be varied eg. if
the Starting Distance is 1,5 and the Distance Variance is 0,5 the ball can be spawned
between the points 1 and 2 on the X-Axis.






The second intervention and the third stage aims to enhance the child’s gross ability
to cross the midline. This stage is incorporated to perfect the child’s ability to cross
the midline without requiring verbal prompts and manual handling. Therefore, in
this stage, distance and time variables will remain constant while the speed variable
will be incremented. The final variable that is incremented is speed as it requires
sufficient accuracy and skill which allows the child to solidify their gross motor
functions and particularly crossing the midline.
Outcome
This outcome aims to assist the occupational therapist by strengthening and pro-
ducing a structured treatment intervention which addresses the child’s individual
treatment needs with respect to crossing the midline. At this point the child no
longer requires external input (i.e. number of verbal prompts and manual han-
dling). Depending on the child’s results and the occupational therapist’s discretion
the child can either remain between stage two or stage three or cease treatment.
Game flow stage three
Stage three takes the Starting Distance(X0), Initial Speed(Sp0) and Incremental
Speed(ISp) as input. The Starting Distance is the point on the X-Axis where the
first ball will be spawned from the sky(top of the screen). The X-Axis is depicted
in Figure 4.22. The Initial Speed is the speed at which the ball starts to fall. The
Incremental Speed is the amount the speed that is incremented from the starting
point. The ball will continue to fall at the starting specified, however the speed at
which the ball falls will increase as each ball is caught.
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The purpose and outcome of this stage is maintaining the skills the child has obtained
in the previous stages. In this stage, speed and time variables will remain constant
while the distance variable will be random. This unregulated stage will allow for the
child’s gross motor functions particularly, crossing the midline, to remain consistent,
functional and integrate the accomplishments achieved by the child in the previous
stages.
Game flow stage four
Stage four does not require any input since the position at which each ball is spawned
is random. The point where each ball is spawned is calculated using the random
function Rand(). As shown in Figure 4.22 the X-Axis spans from -7,5 to 7,5 therefore
the ball can be spawned at a random point on the axis. The speed of the balls remain
constant and does not increase as a function of the score. The game play time is
constant for stage four.
4.5.5 External (verbal and non-verbal) cues and manual
handling
Whilst the game is designed to determine the core impairments of crossing the
midline, clinical reasoning, observations and external guidance from the occupational
therapist are vital for a holistic and accurate assessment. In the event that an
occupational therapist is not performing the assessment (i.e a parent, teacher, care
giver, guardian etc.) the notes page will still need to be completed. A guidance script
with key points of reference will be provided to the guardian before the child plays
the game to assist and ensure accurate observations are noticed. The guidance script
is shown before the game as it contains performance areas to observe, for example
the guidance script says ”did the child move their head excessively from side to side”
and then during the game the guardian or care giver will be able to observe the head
movement of the child. At the end of each stage a notes page as shown in Figure
4.23 is provided to record the behaviour and observations of the child.
The key performance areas that are documented in the guidance script and
displayed on the notes page will allow the occupational therapist or other assessors
to accurately note the child’s behaviours during the assessment. The guidance script




Figure 4.23: Notes page to fill in after each stage is completed
– Visual tracking: did the child manage to efficiently move their eyes from
side to side without difficulty, without closing their eyes, readjusting or
losing his place?
– Focus: did the child manage to remain focused on the hat as it moved
from side to side or did they lose focus on the task at hand?
– Visual fields: did the child manage to maintain visual fields without
moving their head excessively in order to keep the moving objects within
their peripheral visual field?
 Body movements/ adaptions
– Head: did the child move their head excessively from side to side or
were they able to keep their head in a neutral position with minimal
movement?
– Shoulders: did the child move their shoulders excessively from side to side
or were they able to keep their head in a neutral position with minimal
movement?
– Arm: did the child move the active arm at a constant horizontal plane
while maintaining a 90◦ angle throughout the game?
– Trunk/ abdominal area (Postural control): did the child have sufficient
postural control and maintain a neutral abdominal position without hav-




– Fatigue: did the child tire during the exercise?
– Psychosocial factors: did the child become frustrated during the assess-
ment, did they rely on verbal cues and manual handling, did they cease
playing the game all together, was the game to easy?
– Ability to follow instructions: did the child remember to return to starting
point or were they preoccupied with crossing the midline?
4.5.6 Gaming Engine Unity3D
Unity3D was selected to design and create the game due to the addition of .NET
capabilities that unity offer making the development of the bluetooth communication
significantly easier.
Software design pattern for game
The strategy pattern was incorporated to control the different stages required in the
game. The game designed has stages each with different algorithms/equations as
seen in Table 4.2, the strategy pattern provides a model in which any Strategy(Stage)
can be selected depending on the game context. Figure 4.24 shows a class diagram
illustrating how each stage is interchangeable to be displayed on the interface.
Figure 4.24: Strategy Pattern Class Diagram
4.6 Data
4.6.1 Gathering objective data
Occupational therapists can support children with difficulty crossing the midline by
developing the skills needed to perform activities of daily living. During therapy
sessions occupational therapists employ a variety of techniques to support rehabili-
tation, such as functional electrical stimulation, constraint induced motor training,
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facilitation, and virtual reality applications [74]. This combination of therapy, ex-
ercise and context specific retraining is critical for neuroplasticity as mentioned in
chapter 1. While retrospective recall and exercise diaries can gather subjective data,
the quality of this data is limited and relies on the notes and observations written
by an occupational therapist, as such, occupational therapists lack objective data
about the degree to which exercises have been performed.
Consequently, a monitoring tool was designed to aid occupational therapists by
providing a collection of objective data about children who have difficulty crossing
the midline. The monitoring tool proposed provides a solution in which the gameplay
of the child during an assessment or treatment is recorded and the data collected in
the game can be visualized by the therapist. The monitoring tool cycle is shown in
Figure 4.25. The design of the system and the monitoring functionality in particular
allows for the game and input device to be used by parents or guardians with the
children in a home environment and be used remotely. The game would therefore
not be restricted to only be played during therapy sessions but rather can be played
outside of these times.
Figure 4.25: Monitoring Tool Cycle
4.6.2 Database
In order to satisfy the third sub-objective a SQL server was implemented with the
primary function of storing and retrieving the data from the game. The SQL server
allows the data to be accessed by other software applications which may run either
on the same computer or on another computer across a network. Common Table
Expressions (CTE) were written within the SQL Server to simplify complex joins
and subqueries. Figure 4.26 indicates the relationships between the fields. The
relationship between the fields will be explained briefly in Table 4.3 after which the
expressions will be shown in Table 4.4. The field relationships are referred to as FR.
4.6.3 Data visualization
A dashboard was designed using PowerBI to display the data. Figure 4.27 shows
the design of the dashboard that was created to fulfil the forth sub-objective. The
application of the dashboard and feedback from the occupational therapists as test
subjects will be discussed in the next chapter.
4.6.4 Scoring criteria
Through consultations with the occupational therapist as a collaborator the scoring
criteria for the stages was developed. In order to confirm that the child was not
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Figure 4.26: Relationship between fields
displaying any form of pathology with midline crossing a child would need to achieve
a total of four or more points on their “Score Card”. It should be noted that all eight
of the criteria listed should be used in conjunction with one another and not assessed
independently. The manual data that is input at the end of the game by either the
therapist or care giver is stored in the database as text. Figure 4.27 depicts the
field of the dashboard where the comments would be displayed. The occupational
therapist is then able to analyze the results along with the observations recorded
in order to make the necessary conclusions. Below are the scoring criteria that are
used for the assessment.
Scoring criteria stage one assessment
1. How many balls did the child manage to catch in the specified
amount of time? An important aspect of this assessment is determining
how many balls the child can catch at a constant speed within a specified time
frame(2 Minutes). From consultations held with the occupational therapist
(collaborator) it was determined that a child with no pathology should be
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Figure 4.27: Design of dashboard showing how the “tooltips” will be displayed using
PowerBI
able to catch more than 14 balls. Therefore, if the child catches less than 14
balls, they will score a zero for this criterion. If they score 14 or more balls,
they will receive a point for this criterion.
2. How many balls did the child miss? It is important to determine how
many balls the child missed at a constant speed within a specified time frame(2
Minutes). From consultations held with trained a occupational therapist a
child with no pathology should not miss more than four balls. Therefore, if
the child misses more than four balls, they will score a zero for this criterion.
If the child misses less than four balls, they will score a point for this criterion.
3. Average time between balls caught? Another criterion that needs to be
considered is the time elapsed between each ball caught at a constant speed
within a specified time frame(2 Minutes). From consultations held with a
trained occupational therapist, the time elapsed between catching two consec-
utive balls should not be greater than 7,5 seconds in order to score a point
for this criterion. If the time elapsed is more than 7,5 seconds between each
consecutive ball caught the child will score a zero for this criterion.
4. Did the incremental distance effect the child’s ability to catch the
ball? For a child with pathology, the incremented distance will also affect
the amount of balls the child will be able to catch and the amount of balls
missed at a constant speed within a specified time frame(2 Minutes). If it is
noted that the child begins to miss more balls as the distance increases this
can suggest that the child has pathology with midline crossing and therefore
receive zero points for this criterion. If the balls missed are random and
there is no perceived pattern between the amount of balls missed with the
incrementing distance, the child would receive a point for this criterion. A
contributing reason towards the child missing more balls at an incrementing
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distance can also be due to their fatigue and poor concentration which will be
further explained under the general behaviour criterion.
5. Ability to follow instructions This criterion will provide an indication of
whether the child has pathology with one or more of the following:
 Midline crossing
 Difficulty with performing the actions required in the game
 Separate cognitive problems attributing to their difficulty crossing the
midline ie. Multitasking, divided attention
If the child is able to follow the instructions of the game with less than four
verbal cues than the child will score a point. If the child required more than
four verbal cues during the game the child will receive zero for this criterion.
6. Eye movements A crucial part of the child being able to cross the midline
is their eye movements. From consultations with an occupational therapist
(collaborator) the child should be able to catch the balls without constantly
performing one or more of the following:
 Closing their eyes
 Readjusting or losing their place
 Problems with visual tracking
If the child is able to maintain visual focus and maintain their visual field
without having to adjust their head in order to catch the balls they will score
a point for this criterion. If any of these movements or actions are noted while
the child is playing the game, they will receive a zero for this criterion.
7. Body movement Another crucial part of the child being able to cross the
midline is the positioning of their body and body movements. From consul-
tations with the occupational therapist, the child should be able to catch the
balls without having to make gross manual adjustments to their hip or shoul-
der girdles as this would indicate a direct pathology of midline crossing. If the
child is able to maintain a neutral head position, without having to adjust their
shoulder and upper limb position while moving along the horizontal plane at
a 90◦ shoulder angle the child will score a point. If any of these movements or
actions are noted while the child is playing the game they will receive a zero
for this criterion.
8. General Behaviour This final criterion will encompass all the above criteria
and provide a holistic overview of the child’s performance during the game.
From consultations with occupational therapist the child should be able to
catch the balls without displaying signs of fatigue and frustration. If the child
is able to complete the game without requiring verbal cues, manual handling
or any other type of external regulation from the assessor, they will score a
point. If the child requires any of the aforementioned interventions, they would
score zero. This criterion is vitally important and should be monitored by the
therapist/ parent/guardian throughout the game. All aspects of the child’s
behaviour inclusive of any additional behaviours not mentioned above should
be noted and recorded at the assessor’s discretion.
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 Below Average Performance: less than four
– If the child scores less than four points they will be considered to have
pathology with midline crossing
 Average Performance: four
– If the child scores four points further assessment or treatment should be
considered for midline crossing
 Above Average Performance: More than four
– If the child scores more four points they will be considered to have no
pathology with midline crossing
Scoring criteria stage two treatment
The scoring criteria explained for stage one will remain the same for stage two
scoring criteria except for point four. The new criterion will be Did the random
displacement distance effect the child’s ability to catch the ball. The range
in which the balls fall will be configured according to where the child displayed
problems with the incrementing distance in stage one. For a child with pathology,
random displacement of the balls at a configured range will affect the amount of
balls the child will be able to catch as well as the amount of balls missed. If it
is noted that the child begins to miss more balls this can suggest that the child
has pathology with midline crossing and therefore will receive zero points for this
criterion. If the child does not miss more than four balls they will score a point.
Scoring criteria stage three advanced treatment
The scoring criteria explained for stage one will remain the same for stage three
scoring criteria except for point four. The new criterion will because Did the
increasing speed effect the child’s ability to catch the ball. The incrementing
speed at which the ball falls will be configured in order to challenge the child. For
a child with pathology, the increase in speed of the balls at a constant distance will
affect the amount of balls the child will be able to catch. If it is noted that the child
begins to miss more balls with the increase in speed it can suggest that the child
has pathology with midline crossing and therefore will receive zero points for this
criterion. If the child does not miss more than four balls they will score a point.
Scoring criteria stage four unregulated round
The scoring criteria explained for stage one will remain the same for stage four
scoring criteria except for point four. The new criterion will be Did the random
spawning of the balls effect the child’s ability to catch the ball. The
random distances the balls fall may challenge the child. For a child with pathology,
the random points where the balls fall will affect the amount of balls the child will
be able to catch. If it is noted that the child begins to miss more balls due to
the spawning of the balls it can suggest that the child has pathology with midline
crossing and therefore will receive zero points for this criterion (If the child scores




This chapter started by introducing the high level solution design that describes the
three applications that contribute to the full solution. A detailed explanation of
the design of each application was then presented. The intention of presenting the
issues encountered, was to provide explanations on how these respective problems
were solved. These explanations will ultimately be beneficial for others who would
like to replicate the project in order for them to be able to improve on the solutions
rather than being held back by problems that have already been tackled. The
following chapter will discuss the results of the solution implemented.
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Table 4.3: Field Relationships and descriptions of fields
FR Field Description of Fields
1
playerID
used to identify the player,
there can be one player playing the game
gameID
used to identify the game,
one player can play the game many times
levelID
used to identify the level,
one game session can play one level at a time
2 playerName used to captures the child’s name
3 handed used to determine the child’s dominant hand
4 age records the child’s age for analysis purposes
5 level records the level that the player selected
6
score
each time the player collects a ball and returns
home a point is given the count is stored
totalScore total amount of balls caught and returned
criterion1 based on the result of totalScore
7
timeScored
when the ball is returned home and a
point is achieved the time that the
player is scored is stored
startingGameTime
stored when the level is started, in order
to calculate the timeScoredXaxis field
that is required to plot the results on the dashboard
for the X-axis
timeScoredXaxis
the time each ball was caught represented on
the X-axis
avgBtwnCaught the average time between a caught ball
criterion3 based on the result of avgBtwnCaught
8
ballsDropped
counts how many balls have been spawned
during the game
ballsMissed
using the score and the ballsDropped field,
the ballsMissed field is determined
criterion2 based on the amount of ballsMissed
9
startingDistance(sD)
for stage 1 the OT/guardian inputs the required
starting distance that the ball will spawn
incrementalDistance(iD)
for stage 1 the OT/guardian inputs the required
incremental distance that the distance will increase
actualDistance used to plot the results on the dashboard for the Y-axis
10 eyeMovement
used to capture the OT or guardians observations
after the child has played a specific level.
11 bodyMovement
used to capture the OT or guardians observations
after the child has played a specific level
12 generalBehaviour
used to capture the OT or guardians observations
after the child has played a specific level
Jonathan Jacobs 61
4.7. Chapter Summary
Table 4.4: Field relationships and how they are mapped to the dashboard
FR Fields Expression Dashboard
1 playerID, gameID, levelID direct ID
2 playerName direct playerName
3 handed direct handed
4 age direct age
5 level direct level
6 score max(score) totalScore
7 timeScored, startGameTime timeScored2-timeScored1 timeScoredXaxis
8 ballsDropped, score ballsDropped-score ballsMissed
9 sD, iD sD + iD actualDistance
10 eyeMovement direct eyeMovement
11 bodyMovement direct bodyMovement
12 generalBehaviour direct generalBehaviour
7.1 timeScoredXaxis(tsx) avg(tsx2-tsx1) avgBtwnCaught
6.1 totalScore totalScore >= 14 criterion1
8.1 ballsMissed ballsMissed <= 4 criterion2






In this chapter the results validating the implementation of the device will be pre-
sented. The feedback from the occupational therapists who acted as test subjects
of this study will be discussed. These occupational therapists tested the serious
game, input device and dashboard. Feedback was provided on whether the solu-
tion would assist the occupational therapists in identifying whether the child has
pathology with midline crossing as well as assist them when treating a child with
midline crossing difficulties. Figure 5.1 shows a visual representation of the end to
end solution that was reviewed by the occupational therapists as test subjects. The
occupational therapists’ evaluations of each of the applications that encompass the
solution will be explained.
Figure 5.1: Visual representation of end to end solution
5.2 Input Device
The PCB built based on the design in chapter 4 is shown in Figure 5.2. The
prototype constructed to enclose the device and enable the slider to move from side
to side is shown in Figure 5.3. In order to verify the functionality of the input device
developed there were two tests performed. The first was to produce both a charging




Figure 5.2: PCB created for input device
Figure 5.3: Prototype of the enclosure constructed for input device
5.2.1 Charging and Discharging Graphs
With the aim to verify that the power solution, including the charging circuit was
operating as expected both a charging and discharging graph were plotted. An
Arduino was used to convert an analog voltage on a pin to a digital number (Ana-
log to Digital Conversion(ADC)). The measured values were then read using the
Megunolink software every 2ms. The temperature of the room where the readings
were measured was 23◦C. Figure 5.4 depicts the graph when the lithium battery is
discharging when the device is connected and communicating with the game. The
threshold voltage of the battery when it was discharged was 3.3V which is approx-
imately 20% of a full discharge in order not to damage the battery by discharging
fully. The battery life was calculated to last for ten hours using Equation 5.1 where
the battery capacity was 500mAH and current was 50mA. The battery took 9.2
hours to discharge which is in line with expectations as the battery was not dis-
charged to its full capacity. Figure 5.5 shows the graph when the lithium battery
was charging. The battery reached the saturation point in 42 minutes and was fully
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charged after 1.92 hours. It should be mentioned that the performance of the device
is not affected by the discharging battery as the input device was designed with the
inclusion of a linear regulator and a boost converter ensuring the voltage remains
constant.
BatteryLife = BatteryCapacity(mAH)/Current(mA) (5.1)
Figure 5.4: Graph showing the discharging curve of the lithium battery
5.2.2 Output Readings of Input Device
Figure 5.6 shows the expected output from the device, the values received from the
device are correctly mapped to the respective positions on the X-Axis. Moreover,
the previous device designed [13] allowed the child to move the sensor in an arc
shape freely permitting the child to move their body around and tilt the sensor.
The addition of the SoftPot linear potentiometer does not require calibration as
the output of the SoftPot changes linearly. The fact that the device proposed in
this paper is not subjected to any specific environment or any strange movement
serves as a desirable feature. The slider of the device guides the child to move in
the necessary direction while ensuring that the midline is crossed. The first sub-
objective was to ensure that the device could accurately control the sprite and the
addition of the SoftPot aims to satisfies this. The nature of the device was designed
with ease of movement in mind, this enables the child to play the game without
focusing on the fact that they are crossing the midline.
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Figure 5.5: Graph showing the charging curve of the lithium battery
5.3 Serious Game and Input Device
In order to ensure that the occupational therapists had a good understanding of
the game, the researcher conducted a demonstration of the full solution, taking
them through the game and explained how each stage of the game is played. The
occupational therapists as test subjects then had the opportunity to play the game
and evaluate each stage on their own. The occupational therapists as test subjects
were then asked to give their opinions on whether using a serious game and input
device would assist them to identify children with midline crossing difficulties as
well assist them during the treatment thereof. When discussing the advantages of
incorporating the serious game and the input device into the occupational therapists’
therapy programmes it was unanimous that the use of the serious game will mitigate
some of the factors that hinder a child’s motivation when it comes to conventional
methods of treatment, such as boredom. This is because children today are exposed
to many different technological devices, such as ipads and gaming devices. Therefore,
using the serious game during therapies intrinsic motivation in the child is provoked
to not only play the game willingly but also give the child a sense of achievement
due to gamification.
The therapists commented on the convenience of integrating both assessment
and treatment into the same application as it assists the therapists when grading a
child. The stages developed in the game were also commended by the therapists as
each stage has a different focus point with a specific outcome. For example, stage
one focusses on assessing the child, whereas stage two focusses on treatment. The
therapists collectively agreed that the quantitative aspect that the game creates by
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Figure 5.6: Expected output from device using softPot
providing measurable and standardized data proves advantageous when compared to
traditional methods of assessment and treatment. When using a traditional method,
such as asking the child to build a puzzle or draw a line across a page, there are
no quantitative measures that can be deduced; instead, the assessments are limited
to mere observation. The serious game, accompanied by the device, elicits not only
quantitative data but also allows for observational data to be recorded using the
notes page.
Furthermore, the therapists referred to the notes page as not only descriptive,
but also appreciated that the notes page was designed to be understood by non-
medical professionals, thereby making the observational recording more effective
and user-friendly. The therapists further mentioned that the notes page is an ex-
tremely beneficial aspect of the serious game as it ensures that the assessor covers all
the observational components included in the assessment and treatment. As a result
of the movements triggered by the game, as well as both the quantitative and ob-
servational data recorded by the application, the occupational therapists concluded
that the serious game, accompanied by the input device, would not only assist them
in identifying whether a child has pathology with midline crossing, but also would
assist in treating the child. Lastly, the therapists also discussed the possibility of
using the serious game and input device to assist in exposing and identifying other
gross and fine motor pathologies that a child might have or it might even reveal
underlying behavioural, cognitive or physical impairments. In other words the ther-
apists would be able to see other aspects such as hand dominance, eye tracking,
postural control, range of motion, attention and focus of the child and the child’s
hand functions(grips and grasps).
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Whilst the overall feedback from the therapists was extremely positive, some
occupational therapists were concerned that an older child might be able to achieve
the game objective quicker than a younger child. This is because the game is the
same for a four year old or six year old. It was therefore suggested that the as-
sessment stage should be standardised per age group. There was one occupational
therapist that was initially unsure if the controlled movements induced by the game
would allow the child to spontaneously perform functional tasks where crossing the
midline is required in the child’s day to day life. However, the occupational therapist
clarified that the neural pathways are still being developed by the actions performed
in the game and therefore still treats the child. Hence, the use of the game over
time will most likely aid children in developing the ability to spontaneously perform
such tasks.
The occupational therapists provided suggestions to improve the solution. One
of the ways to identify whether a child has pathology with midline crossing is by
observing whether the child has a midline jerk. This can be noticed when the child is
performing actions where the midline is crossed and their eyes move from side to side
in a rapid manner. Consequently, the therapist proposed incorporating eye tracking
to detect if the child’s oculomotor functions are impaired. Additional monitoring
through the use of a camera can also be provided to observe the eye movement, head
adjustments and posture of the child.
As part of the game, when the child catches the object falling in the hat, the
child is required to return the hat to the side of the screen in order to receive a point.
Even though an alert is sounded when the object returns to the side, a suggestion
was proposed to display a reminder on the screen to return the object to the side
at the point where the child has caught the object. In addition, when the child is
playing the game and controlling the input device the child may release the device.
Consequently, it was recommended that if the child releases the device during the
game, an alert should be shown to remind the child to grasp the device.
A further suggestion was made to theme the assessment based on the child’s
gender or age, thus increasing the experience for the child playing the game. Ad-
ditionally, a therapist recommended introducing mathematical calculations into the
game. A simple equation like 5+5= can be displayed in the centre of the screen and
instead of the objects being spawned and falling from the sky, different numbers
including the correct value can be spawned and would need to be caught.
Overall the occupational therapists established that the movements in the game
leads the child to perform the required repetitive actions which build pathways be-
tween the hemispheres of the brain, which in turn, are required to overcome midline
crossing difficulties. Thereby determining that the serious game, accompanied by the
input device, would assist them to identify children with midline crossing difficulties
as well assist them during treatment. The feedback received from the occupational
therapists satisfy the second sub-objective.
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5.4 Applicability of Dashboard
There were significantly positive responses when the applicability of the dashboard
which was designed was discussed with the occupational therapists. The therapists
all mentioned how the dashboard’s ability to track the progress of the child would
benefit their reports immensely. The results represented in the dashboard would as-
sist them in supporting and verifying their observational conclusions. Furthermore,
when submitting reports to their clients’ medical aids, the data from the dashboard
can be used to solidify their conclusions and can be included in their reports. The
feedback obtained regarding the dashboard and the database created as a source
satisfies the third and forth sub-objectives.
The only disadvantages that were raised by the occupational therapists were
that the dashboard may not be particularly easy to interpret by a layman; however,
a suggestion was made to provide training to therapists on how to interpret and
analyse the dashboard. The other was that the dashboard is limited to only show
the results for a midline crossing assessment and not other difficulties that can be
identified by the game.
There were suggestions to provide a way of showing the standardised results for
different categories by searching, age, for example, and, consequently, the results
for that particular age group would be displayed. Introducing the standardised
norms would allow the child to be compared to other children within the specific
area being examined. Another suggestion that was made was to allow therapists to
add additional comments on the results displayed of the child for further reference.
Lastly, it was proposed that artificial intelligence could be incorporated so that when
comments are made on the notes page by the therapist or guardian the observations
can be translated into quantitative data that can be used to calculate the scoring
criteria instead of physically inputting the criteria scores for the criteria that require
observations. The scoring criteria developed with the occupational therapist as a
collaborator was evaluated by the occupational therapists as test subjects.
5.4.1 Expected dashboard for stage one
Using the input device and the interactive game, the occupational therapists simu-
lated what their expectations of children playing the game would be for each stage.
The occupational therapists simulated what the expected results would look like
for a below average child, an average child, and an above average child. The blue
dots indicate that the ball was caught, whilst the red dots indicate that the ball
was missed. Figure 5.7 shows the expected result for a child who scored below av-
erage and shows pathology for midline crossing. The red circle illustrates that as
the distance incremented, the rate at which the balls were caught decreased. Figure
5.8 shows the expected result for a child’s score that was average. The red circle
indicates that as the distance increased, the child missed more balls. In this case
there are various factors that could impact the child’s results. For example the child
may have gotten bored and therefore didn’t play as they should have. A child with
an average performance result needs to be further assessed to see whether their re-
sults are due to pathology with midline crossing or whether there are other factors
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yielding these results. The reason for failure (missing of balls) only occurring after
60 seconds in both Figure 5.7 and 5.8 could be due to the results being simulated
rather than actually tested on children. In addition, another reason is that the dif-
ficulty level at beginning of the stage is easier, but as time goes on the difficulty
of the stage increases. Figure 5.9 shows the expected result for a child’s score that
was above average and shows no pathology with midline crossing. Criterion one was
determined by calculating whether the score was more than 14. Criterion two was
determined by calculating how many balls were missed. Criterion three was deter-
mined was by calculating the average time between the balls caught. Criterion four
to eight were toggled accordingly by the therapists, depending on the persona they
were simulating at the time. The comments are empty in these examples, however,
the comments would be written according to the cues observed and recorded in the
notes page.
Figure 5.7: Dashboard for a child whose performance was below average for stage
one
5.4.2 Expected dashboard for stage two
Figure 5.10 shows the expected result for a child who scored below average and
shows pathology for midline crossing. The red circles indicate that the change of
the distance within the range affected the child. Figure 5.11 shows the expected
result for a child’s score that was average. The red circles again indicate that the
child would have been affected by the change in distance. A child with an average
performance result needs to be assessed further to see whether their results are due
to pathology with midline crossing or whether there are other factors yielding these
results. Figure 5.12 shows the expected result for a child’s score that was above
average and shows no pathology with midline crossing.
70 Jonathan Jacobs
Results and Occupational Therapists’ Feedback
Figure 5.8: Dashboard for a child whose performance was average for stage one
5.4.3 Expected dashboard for stage three
Figure 5.13 shows the expected result for a child who scored below average and
shows pathology for midline crossing. The red circle indicates that as the speed of
ball increases, the rate at which the balls are caught decreases. Figure 5.14 shows
the expected result for a child’s score that was average. Even though the increase
in speed did not noticeably affect the rate at which the balls were caught, the child
still did not achieve the required points. A child with an average performance result
needs to be assessed further to see whether their results are due to pathology with
midline crossing or whether there are other factors yielding these results. Figure
5.15 shows the expected result for a child’s score that was above average and shows
no pathology with midline crossing.
5.4.4 Expected dashboard for stage four
As mentioned in chapter four, stage four is a maintenance round. Figure 5.16 shows
the expected result for a child who played the stage after completing all the previous
stages. At this point, the child should be playing the stage for fun and the scoring
criteria should just be used to verify that the child does not have pathology with
midline crossing.
5.5 Adoption of Solution in Areas Where Occu-
pational Therapy Resources are Limited
Once the solution was analysed, the occupational therapists were asked whether the
solution could be reasonably implemented and utilized effectively in areas where oc-
cupational therapy resources are limited. The feedback received in this regard was
favourable. The occupational therapists agreed that this solution could be imple-
mented in areas where occupational resources are limited because of the affordability
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Limited
Figure 5.9: Dashboard for a child whose performance was above average for stage
one
and usability of the system. It was further mentioned that although there are other
products available to simulate and control the movement, there is not a product that
can exhibit these requirements when compared to the low cost needed to produce the
design of the device and concept created in this project. Therefore, the occupational
therapists believe that the solution developed in this study can assist them when
identifying and treating children in a much more affordable manner relative to other
devices which offer the same type of benefits. Overall, the occupational therapists
asserted that the affordability of the serious game, with the accompanying input
device, allows the solution to find its way to communities that are less fortunate.
Children in the rural areas of South Africa have to travel far distances to occu-
pational therapists in the city (providing they can afford it) in order to be treated.
With the concept developed in this study, the families could save money as the child
would not need to go to an occupational therapist every week, but could be treated
in their own homes with their guardian by using the game. In addition to this,
the notes page provided indicates to the guardian what to observe when the child
is playing the game, thereby enabling the guardian to know what to track when
overseeing the child playing the game. The point was raised that in rural areas,
children are often not even afforded the opportunity for treatment, nor are they
even aware of the difficulties with which they are inflicted. Therefore, this game
and many more similar games, could be placed at central locations, such as crèches,
churches and community halls that the children can be exposed to and be given an
equal opportunity to improve their skills.
To further enhance these benefits, it was suggested that the game be deployed
as a mobile application. This would allow for the game to be available on smart
devices, which would, therefore, make it even more accessible than if it were only
available on a laptop or computer. A second proposition was to record the game play
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Figure 5.10: Dashboard for a child whose performance was below average for stage
two
so that it can be played back for reference. It was recommended that a video or chat
capability could be introduced so that the child or guardian could communicate with
the therapist. Finally, it was proposed that the game be translated into different
languages so that users in the rural area would be able to use the solution in their
native language.
5.6 Chapter Summary
In this chapter the power solution and the functional output of the device was
validated. In addition, feedback from the occupational therapists as test subjects
was discussed. Through the demonstrations conducted, responses of the therapists
and the simulations produced, the occupational therapists collectively confirmed
that the serious game with the input device would assist them in identifying and
treating children with midline crossing difficulties. The dashboard that was created
serves as a beneficial tool for assisting therapists in identifying whether a child has
pathology with midline crossing, as well as keeping a record of the child’s progress.
Ultimately, the therapists stated that the end to end solution produced would be
suitable to implement in areas where occupational resources are limited.
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Figure 5.11: Dashboard for a child whose performance was average for stage two
Figure 5.12: Dashboard for a child whose performance was above average for stage
two
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Figure 5.13: Dashboard for a child whose performance was below average for stage
three
Figure 5.14: Dashboard for a child whose performance was average for stage three
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Figure 5.15: Dashboard for a child whose performance was above average for stage
three




This study successfully developed and assessed an input device and serious game
that would be suitable for use in the treatment of children with midline crossing
difficulties. A serious game accompanied by an input device was examined in order to
determine whether it can assist occupational therapists identify whether a child has
pathology with midline crossing and can assist in treating the child remotely, where
appropriate. The findings presented in this dissertation reveal a low-cost solution to
track the movement of a child’s hand from side to side and transform the position
into the game. Through collaboration with occupational therapists, the results
suggest that the serious game with the input device would assist the therapists in
identifying and treating children with midline crossing difficulties. The therapists
confirmed that the movements in the game guide the child to perform actions,
which in turn, build pathways in their brains using neuroplasticity to overcome their
midline crossing difficulties. The dashboard that was created serves as a beneficial
tool for assisting therapists in identifying whether a child has pathology with midline
crossing, as well as keeping a record of the child’s progress. The dashboard was
also said to support the occupational therapists by verifying their observational
conclusions. Ultimately, the therapists stated that the end-to-end solution produced
would be suitable to implement in areas where occupational resources are limited
due to the affordability of the solution.
6.1 Achievement of Objectives
This dissertation expands on research conducted in a previous study, where a seri-
ous game and input device was proposed to assist occupational therapists to treat
children with difficulty crossing the midline [13]. To achieve this goal the issues
encountered from the previous project were re-engineered and the additional appli-
cations needed to produce the full solution were established. Various iterations of
the device and the game that was developed were examined; after each iteration the
occupational therapist expressed the changes needed to contribute to the ultimate
solution. An Agile approach was taken to develop the end-to-end solution. This
methodology was chosen because of the frequent feedback that was received dur-
ing the design process, which allowed the occupational therapist (collaborator) to
evaluate the solution and give recommendations. As mentioned, engineers have the
background necessary to design and construct many useful devices that can assist
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occupational therapists, however they are mostly unaware of the needs of individ-
uals with difficulties. In contrast, occupational therapists know the needs, but do
not have the technical skills or resources to design or build such devices. Working
alongside the occupational therapist through the iterations ensured the requirements
were clear and aligned. Furthermore, the collaboration with the therapist and the
agile approach followed catered for new innovative suggestions during the testing
phase of an iteration. The methodology then allowed for these suggestions to be
included in the following iteration.
The overall approach to verify the effectiveness of the solution was conducted
through semi-structured interviews with six occupational therapists as test subjects.
Through these interviews the validity of using the proposed solution was entrenched.
The therapists were not only able to give feedback on the suggested solution but,
through demonstration and assessment, were able to confirm whether the solution
could be applied and implemented. The semi-structured format provided some struc-
ture to the interviews without providing so much that the interviewee’s responses
were stifled. The interviews enabled a fuller picture of the therapists unique abilities
and skills, abilities that might otherwise have remained unrecognised or unknown.
The semi-structure interviews brought focus, but, at the same time, allowed for
flexibility based upon the participants’ responses.
The research included four sub-objectives, designed to answer the research ques-
tion, namely: can a serious game accompanied by an input device assist occupational
therapists identify whether a child has pathology with midline crossing and assist
in treating the child remotely where appropriate? The first sub-objective was to
establish whether the input device that was previously designed in [13] could be
improved when capturing the movement of the child. The second sub-objective was
to design a serious game with the guidance of an occupational therapist in which
movements needed to play the game were carefully considered according to the ther-
apist’s needs. The third sub-objective was to develop an overall solution that allowed
for the storing and comparing of previous sessions’ data. The fourth sub-objective
was to visualize the data retrieved from the game in a way that could assist the
therapist to identify whether a child has pathology with midline crossing. How each
sub-objective was achieved and, ultimately, how the primary objective was achieved
is summarised below.
Firstly, in the previous study the tilting issues when using the magnetometer
and the calibration required to obtain the reference of the sensor before each use,
was not suitable for children. It did not seem to be the most appropriate solution
for therapists to expect the child to perform the calibration each time they wanted
to play the game above ensuring that they do not tilt the input device. Conse-
quently, the first sub-objective was achieved with the addition of the SoftPot linear
potentiometer. The initial challenges that were encountered when using the device
developed in [13] were resolved. The improved input device presented is able to
track the child’s movement from side to side accurately as demonstrated. The de-
vice was designed with ease of movement in mind, this enables the child to play the
game without focusing on the fact that they are crossing the midline. The addition
of the li-ion battery replacing the four AAA batteries minimized the overall size of
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the input device. The charging and discharging graphs indicate that the battery life
was calculated to be 9.2 hours and would take approximately two hours to charge.
The recharging capability of the device constitutes to the convenience of the device.
The occupational therapists established that the movements in the game leads the
child to perform the required repetitive actions using the input device to build path-
ways between the hemispheres of the brain, which in turn, are required to overcome
midline crossing difficulties. It should be mentioned that the input device created
is a prototype and if this device was to be mass produced the material and sliding
component would need to be further developed.
The previous project [13] included a serious game; however, in order to fulfil the
second sub-objective additional features were added. The four stages incorporated
into the serious game, each with a different purpose and outcome, accompanied by
the input device provided the solution to achieve the second sub-objective. The
therapists agreed that the measurable and standardized data created from the game
provides a quantitative aspect that is not apparent in traditional methods of assess-
ment and treatment. This quantitative data collected therefore, would support the
therapists observations during assessment and treatment. There was however, feed-
back from the occupational therapists who were concerned about the older children
achieving the game objective quicker than a younger child. This concern could be
addressed if the study continued. Additionally, the notes page provided was appre-
ciated by the therapists as it enabled the observational data to be recorded. Along
with the effective usability of the notes page, the therapists mentioned that the notes
page ensures that the assessor covers all the observational components during as-
sessment and treatment. Consequently, the occupational therapists concluded that
as a result of the movements triggered by the game, as well as both the quantitative
and observational data recorded by the application, that the solution, would not
only assist them in identifying whether a child has pathology with midline crossing,
but also would assist in treating the child.
In order to achieve the third sub-objective a SQL server was implemented with
the primary function of storing and retrieving the data from the game. The dash-
board that was developed uses the data from the game stored in the database as the
source. Therefore, in order to verify that the third and forth sub-objectives were
achieved, feedback on the dashboard was acquired. The feedback indicated that the
data received from the game, which is stored in the database, can be visualized to
assist the occupational therapists when identifying whether a child has pathology
with midline crossing. The therapists discussed how the dashboard’s ability to track
the progress of the child would benefit their reports as well as support and verify
their observational conclusions. Even though the dashboard was configurable, the
dashboard was said to be slightly difficult to interpret. It was suggested that training
for the therapists could be offered on how to interpret and analyse the dashboard.
Overall, it is evident that the solution proposed in this study is suitable for assist-
ing occupational therapists in identifying and treating children who have difficulty
crossing the midline. If this solution were to be developed further some of the chal-
lenges and concerns raised during the course of the study could be addressed. These
will be discussed in the following section. Table 6.1 summarizes how each of the
sub-objectives were addressed.
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Table 6.1: Table summarizing how each sub-objective was addressed
Sub-objective Addressed by
1) Improve previously designed device
Alternative power source
Rechargeable
Accurately control the sprite
Section 4.4.2, 4.4.3, 5.2
Li-ion battery
Implemented a charging circuit
Mapping of movement to game environment (Figure 5.6)
2) Design serious game (OT collaboration)
Assist OT identifying pathology
Assist OT in treating difficulty
Section 4.5, 5.3
Quantitative and observational data collected from game
3) Storing and comparing of data
Design and integrate
Section 4.6.2, 5.4
Game data stored in database (SQL Server)
4) Visualize the game data
Design a model to display data
Configure the data displayed
Section 4.6.3, 4.6.4, 5.4
Configurable dashboard created (PowerBI)
6.2 Recommendations and Future work
From the interviews with the occupational therapists, many novel suggestions were
identified and discussed. The therapists were confident that the solution presented in
this dissertation will assist them to identify and treat children with midline crossing
difficulties. Therefore, the possibility of using the serious game and input device
to assist in exposing and identifying other gross and fine motor pathologies that a
child might have could be investigated. Furthermore, the solution could even reveal
underlying behavioural, cognitive or physical impairments. To clarify, the therapists
would be able to see other aspects such as hand dominance, eye tracking, postural
control, range of motion, attention and focus of the child and the child’s hand
functions (grips and grasps) when playing the game. Furthermore, when identifying
whether a child has midline crossing difficulties a midline jerk can be observed.
When a child is confronted with actions that the midline is crossed their eyes move
from side to side rapidly. As a result, adding eye tracking capabilities to the solution
was put forward. In order to mitigate the concern raised by the therapists, regarding
the fact that an older child may achieve the game objectives quicker than a younger
child, a standardized assessment stage per age group can be introduced.
One of the actions required in the game when a falling object is caught, is to
return the object to the side to receive the point. Currently, when the object is
returned an alert is sounded indicating that a point is scored. A suggestion was
proposed to display a reminder to return the object to the side. Moreover, when the
child is playing the game using the input device, the child may release the device.
Consequently, it was suggested that in the event the device is released during the
game an alert is displayed to remind the child to remain holding the device. In
addition, the results presented on the dashboard are limited to display the results
for one player at a time. A recommendation was proposed to provide a way of
showing standardised results for different categories such as age. This would allow
the child to be compared to other children within a specific area examined.
In future iterations, artificial intelligence can be incorporated so that when com-
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ments are made on the notes page by the therapist or guardian, the observations
can be translated into quantitative data that can be used to calculate the scoring
criteria instead of physically inputting the scores for the criteria that require obser-
vations. Finally, the solution proposed in this dissertation extracts gameplay data
that can assist occupational therapists in identifying and treating children with dif-
ficulty crossing the midline. The more occupational therapists adopting the solution
in their practices means more children playing the game and ultimately means more
data accumulated. This data can be analysed using machine learning algorithms to
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Part I: Research Information 
Introduction and Purpose of Research 
 
 My name is Jonathan Jacobs and I am currently completing my Masters in Electrical and Electronic 
Engineering at the University of Johannesburg. My intention is to research whether a serious game 
accompanied by an input device and a dashboard can assist occupational therapists identify and treat 
children with midline crossing difficulties. During this study, only occupational therapists who give 
consent will be targeted, and all interactions will be voluntary. This consent form may contain words 
that you do not understand, and if so, please feel free to stop me and ask for clarification at any point 
in time. If you have any questions later, you can ask them. You are more than welcome to take the 
time you need to make the decision of whether or not you would be able to participate. You are free 
to discuss with anyone you feel comfortable with about the research. If you decide to take part in the 
research, you are more than welcome at any stage to terminate your participation and request that all 
personal your information collected by me be destroyed with no repercussions. In this informed 
consent form, there may be terms or concepts that you may not be familiar with. Please feel free to 
ask me to fully explain the term or concept before you proceed with this consent form. If you have 
any questions about me or the research involved feel free to ask me at any stage of the research. 
Type of Research Intervention 
The researcher will present and demonstrate the solution to the occupational therapists after which 
the occupational therapists will then have the opportunity to play the game and evaluate each stage on 
their own.  A semi-structured interview will then take place allowing the researcher to explore further 
into the insights provided by the therapists. 
Participant Selection 
The participant has been chosen because they are professionals in the field. The participants are 
currently practicing as occupational therapist and assess and treat children with midline crossing 
difficulties. This is therefore a targeted group that is being selected. 
Voluntary Participation 
The individual is free to choose whether they want to participate or not and that the decision 
holds no consequences whatever for them.  At any time, they may change their decision and 
request you to stop the process and delete all the collected data / activities from the research 
database.  This includes any time even after the completion of the activity. Participation is 




The researcher will take the test subjects through a presentation detailing the purpose of the 
research. The researcher will then conduct a demonstration of the full solution taking the 
occupational therapists through the game explaining how each stage of the game is played. The 
occupational therapists will then have the opportunity to play the game and evaluate each stage on 
their own. A semi-structured interview will then take place allowing the researcher to explore further 
into the insights provided by the therapists. Each session will be conducted individually to ensure 
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unbiased and objective responses. The interview aims to highlight the strengths and weaknesses of the 
solution as well as the suitability of administering the solution remotely. The interview will provide 
the therapist with the opportunity to suggest changes and offer recommendations.  The questions are 
purposefully left open ended in order not to limit the therapist’s responses. The interview will consist 
of three sections;  
 
1. Using a serious game and input device to assist occupational therapists with identifying and 
treating children with midline crossing difficulties 
2. The benefits and applicability of the dashboard 
3. The effectiveness of the solution in areas where occupational therapy resources are limited.   
 
Each section will contain the following questions that therapist will need to comment on. 
1. In your opinion will using a serious game and input device assist you as a therapist to identify 
and treat children with midline crossing difficulties?  
a. Advantages 
b. Disadvantages  
c. Suggested changes 
d. Recommendations  
 
2. Is the use of the dashboard beneficial and applicable to assist you as therapist to identify 
whether a child has pathology with midline crossing? Does the Dashboard provide a 
constructive tracking of the child’s progress during treatment? 
a. Advantages 
b. Disadvantages  
c. Suggested changes 
d. Recommendations  
 
3. Can the solution be reasonably implemented and utilized effectively in areas where 
occupational therapy resources are limited? 
a. Advantages 
b. Disadvantages  
c. Suggested changes 
d. Recommendations  
 
Risks 
 There are no risks foreseen for you in participating in this research, but should any question 
asked by the researcher make you feel uncomfortable in any way feel free to simply not answer. 
You will not need to give a reason for not sharing information, and should you feel pressured at 
all please feel free to stop the interview at any point.  
Benefits 
It is the hope of the researcher that this project will not only benefit those less fortunate to obtain 
therapy but also provide a solution for occupational therapists to assess and treat children with 
midline crossing difficulties. Furthermore, because of the capabilities of the dashboard created, 
occupational therapists will benefit by being able to track the progress of their clients. The goal is 
to provide a fun and interactive method of mitigating difficulties a child might face such as 
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midline crossing. The solution presented will aim to observe the simulations conducted by the 
therapists when playing the game on a dashboard. In addition, the system will retain records of 
the therapist’s simulations. The system will offer a complete solution to assist occupational 
therapists to identify and treat children with pathology to midline crossing by allowing the 
therapist to view the results on the dashboard remotely. The purpose of the input device is to 
ensure that the child would be engaged in the game. Additional functionality such as composing 
notes at the end of the game will be configured so whether a guardian is watching the child play 
the game or the therapist is doing a formal test, a report can be written and accessed through the 
dashboard.  
Reimbursements 
You will not be provided any incentive to take part in this research.  
Confidentiality 
The participation of the therapist in this study will enable insight from their experience of the 
solution. This information will be used in the researcher’s Masters Thesis. All of your personal 
information will be kept private. No personal information is required in order for the research to be 
successful and, due to that, it will be cleared before it is shared with anyone else. Wherever possible 
however, the researcher will do their utmost to keep the therapist’s information safe.  
Sharing the Results 
The results obtained from the interview and questionnaire will be shared with the University and 
the research community as a whole through publications and conference presentations where 
applicable. The data will be retained after the study however it will have been anonymized in an 
irreversible manner. 
Right to Refuse or Withdraw 
If you decide to take part in the research, you are more than welcome at any stage to fully terminate 
your participation and request that all personal your information collected by me to be destroyed 
with zero repercussions. This means that even at the most crucial point of the data collection process 
you may inform me that you would like to stop the tests and withdraw completely, and I will not 
have any negative feelings towards your decision and will upon your request destroy all information 
acquired from you from beginning. You will not be required to make any compensations for time 
and efforts given by myself or other individuals involved. There will also be no questions asked 
about your withdrawal. There will be no repercussions to yourself whatsoever. 
Who to Contact 
If you have any questions, you can ask them now or later. If you wish to ask questions later, you 
may contact any of the following: 
Mr. Jonathan Jacobs Dr. Reolyn Heyman  
201384281 720016951 
Electrical and Electronic Engineering Electrical and Electronic Engineering 
A2: Informed Consent Form
vi Jonathan Jacobs
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0741550219 0795020303 
jonty.jacobs@gmail.com rheymann@uj.ac.za 
26 Glenwood Lodge Long Ave 16 Mount Antero Street, Midlands Estate 
  Glenhazel                                                    Midstream 
This proposal has been reviewed and approved by the University of Johannesburg Ethics 
Committee which is a committee whose task it is to make sure that research participants are 
protected from harm.
Appendix
A2: Informed Consent Form
Jonathan Jacobs vii
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Part II: Certificate of Consent 
Statement by the Participant giving consent 
I have been invited to participate in research about a solution to identify and treat children 
with midline crossing difficulties remotely. 
By signing this consent form I am agreeing to the following statements: 
1. I am aware why I was invited to participate in this research. 
2. I am aware what this study is about. 
3. I am aware that I may decline the invite to participate. 
4. I am aware of the time required from me to perform various tests. 
5. I am aware I can withdraw from the research at any stage. 
6. I am aware I do not have to answer questions I do not feel comfortable answering. 
7. I am aware of the potential risks posed by the research tests. 
8. I am aware of the benefits of the research. 
9. I am aware that there will be no reimbursements made by the researcher or by the 
[place name of sponsoring research organization here] 
10. I am aware of the procedures that the researcher will be using to make sure that any 
information that he as a researcher collects about me will remain confidential. 
11. I am aware that the results obtained from this research may be published so that other 
interested people may learn from the research. 
12. I am aware of the various individuals I may contact if I have any further questions 
13. I am aware that I may ask the researcher questions throughout my participation. 
I have read the foregoing information, or it has been read to me. I have had the opportunity to 
ask questions about it and any questions I have been asked have been answered to my 
satisfaction. I consent voluntarily for myself and my child to be a participant in this study. 
  
A2: Informed Consent Form
viii Jonathan Jacobs
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Print Name of Participant (Occupational therapist Name): 
Signature of Participant (Occupational therapist): 




I have witnessed the accurate reading of the consent form to the potential participant, and the 
individual has had the opportunity to ask questions. I confirm that the individual has given 
consent freely. 
Print Name of Witness 
Signature of Witness: 




A2: Informed Consent Form
Jonathan Jacobs ix
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Statement by the researcher taking consent 
I have accurately read out the information sheet to the potential occupational therapist, and to 
the best of my ability made sure that the therapist understands what the they are taking part in. 
I confirm that the therapist was given an opportunity to ask questions about the study, and all 
the questions asked by the participant have been answered correctly and to the best of my 
ability. I confirm that the individual has not been coerced into giving consent, and the consent 
has been given freely and voluntarily. 
A copy of this ICF has been provided to the participant. 
Print Name of Researcher taking the consent: 
Signature of Researcher taking the consent: 
Date:      Day/month/year: 
 
A2: Informed Consent Form
x Jonathan Jacobs
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6 Electrical Characteristics 
6.1 Gyroscope Specifications 
VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or VDD, TA = 25°C 
PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES 
GYROSCOPE SENSITIVITY       
Full-Scale Range FS_SEL=0  ±250  º/s  
 FS_SEL=1  ±500  º/s  
 FS_SEL=2  ±1000  º/s  
 FS_SEL=3  ±2000  º/s  
Gyroscope ADC Word Length   16  bits  
Sensitivity Scale Factor FS_SEL=0  131  LSB/(º/s)  
 FS_SEL=1  65.5  LSB/(º/s)  
 FS_SEL=2  32.8  LSB/(º/s)  
 FS_SEL=3  16.4  LSB/(º/s)  
Sensitivity Scale Factor Tolerance 25°C -3  +3 %  
Sensitivity Scale Factor Variation Over 
Temperature 
  ±2  %  
Nonlinearity Best fit straight line; 25°C  0.2  %  
Cross-Axis Sensitivity   ±2  %  
GYROSCOPE ZERO-RATE OUTPUT (ZRO)       
Initial ZRO Tolerance 25°C  ±20  º/s  
ZRO Variation Over Temperature -40°C to +85°C  ±20   º/s  
Power-Supply Sensitivity (1-10Hz) Sine wave, 100mVpp; VDD=2.5V  0.2  º/s  
Power-Supply Sensitivity (10 - 250Hz) Sine wave, 100mVpp; VDD=2.5V  0.2  º/s  
Power-Supply Sensitivity (250Hz - 100kHz) Sine wave, 100mVpp; VDD=2.5V  4  º/s  













GYROSCOPE NOISE PERFORMANCE FS_SEL=0      
Total RMS Noise DLPFCFG=2 (100Hz)  0.05  º/s-rms  
Low-frequency RMS noise Bandwidth 1Hz to10Hz  0.033   º/s-rms  
Rate Noise Spectral Density At 10Hz  0.005  º/s/√Hz  
GYROSCOPE MECHANICAL 
FREQUENCIES 
      
X-Axis  30 33 36 kHz  
Y-Axis  27 30 33 kHz  
Z-Axis  24 27 30 kHz  
LOW PASS FILTER RESPONSE       
 Programmable Range 5  256 Hz  
OUTPUT DATA RATE       
 Programmable  4  8,000 Hz  
GYROSCOPE START-UP TIME DLPFCFG=0      
ZRO Settling (from power-on) to ±1º/s of Final  30  ms  
1. Please refer to the following document for further information on Self-Test: MPU-6000/MPU-6050 Register Map 
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6.2 Accelerometer Specifications 
VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or VDD, TA = 25°C 
PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES 
ACCELEROMETER SENSITIVITY       
Full-Scale Range AFS_SEL=0  ±2  g  
 AFS_SEL=1  ±4  g  
 AFS_SEL=2  ±8  g  
 AFS_SEL=3  ±16  g  
ADC Word Length Output in two’s complement format  16  bits  
Sensitivity Scale Factor AFS_SEL=0  16,384  LSB/g  
 AFS_SEL=1  8,192  LSB/g  
 AFS_SEL=2  4,096  LSB/g  
 AFS_SEL=3  2,048  LSB/g  
Initial Calibration Tolerance
 
  ±3  %  
Sensitivity Change vs. Temperature AFS_SEL=0, -40°C to +85°C  ±0.02  %/°C  
Nonlinearity Best Fit Straight Line  0.5  %  
Cross-Axis Sensitivity   ±2  %  
ZERO-G OUTPUT       
Initial Calibration Tolerance X and Y axes  ±50  mg 1 
 Z axis  ±80  mg  
Zero-G Level Change vs. Temperature X and Y axes, 0°C to +70°C  ±35    
 Z axis, 0°C to +70°C  ±60  mg  
SELF TEST RESPONSE       
Relative Change from factory trim -14  14 % 2 
NOISE PERFORMANCE       
Power Spectral Density @10Hz, AFS_SEL=0 & ODR=1kHz  400  g/√Hz  
LOW PASS FILTER RESPONSE       
 Programmable Range 5  260 Hz  
OUTPUT DATA RATE       




32  mg/LSB 
 
 
1. Typical zero-g initial calibration tolerance value after MSL3 preconditioning 
2. Please refer to the following document for further information on Self-Test: MPU-6000/MPU-6050 Register Map 
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6.3 Electrical and Other Common Specifications 
VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or VDD, TA = 25°C 
PARAMETER CONDITIONS MIN TYP MAX Units Notes 
TEMPERATURE SENSOR       
Range   -40 to +85  °C  
Sensitivity Untrimmed  340  LSB/ºC  
Temperature Offset 35
o
C  -521  LSB  
Linearity Best fit straight line (-40°C to 
+85°C) 
 
±1  °C  
VDD POWER SUPPLY       
Operating Voltages  2.375  3.46 V  
Normal Operating Current Gyroscope + Accelerometer + DMP  3.9  mA  
 
Gyroscope + Accelerometer 
(DMP disabled)  3.8  mA  
 
Gyroscope + DMP 
(Accelerometer disabled)  3.7  mA  
 
Gyroscope only 
(DMP & Accelerometer disabled)  3.6  mA  
 
Accelerometer only 
(DMP & Gyroscope disabled)  500  µA  
Accelerometer Low Power Mode 
Current 
1.25 Hz update rate  10  µA  
5 Hz update rate  20  µA  
20 Hz update rate  70  µA  
40 Hz update rate  140  µA  
Full-Chip Idle Mode Supply Current   5  µA  
Power Supply Ramp Rate Monotonic ramp. Ramp rate is 10% 
to 90% of the final value 
 
 100 ms  
VLOGIC REFERENCE VOLTAGE MPU-6050 only      
Voltage Range VLOGIC must be ≤VDD at all times 1.71  VDD V  
Power Supply Ramp Rate Monotonic ramp. Ramp rate is 10% 
to 90% of the final value 
 
 3 ms  
Normal Operating Current   100  µA  
TEMPERATURE RANGE       
Specified Temperature Range Performance parameters are not 
applicable beyond Specified 
Temperature Range 
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6.4 Electrical Specifications, Continued 
VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or VDD, TA = 25°C 
PARAMETER CONDITIONS MIN TYP MAX Units Notes 
SERIAL INTERFACE       
SPI Operating Frequency, All 
Registers Read/Write  
MPU-6000 only, Low Speed 
Characterization 
 
100 ±10%  kHz  
 MPU-6000 only, High Speed 
Characterization 
 
1 ±10%  MHz  
SPI Operating Frequency, Sensor 
and Interrupt Registers Read Only 
MPU-6000 only  
20 ±10%  MHz  
I
2
C Operating Frequency All registers, Fast-mode   400 kHz  
 All registers, Standard-mode   100 kHz  
I
2
C ADDRESS AD0 = 0  1101000    
 AD0 = 1  1101001    
DIGITAL INPUTS  (SDI/SDA, AD0, 













VIH, High Level Input Voltage MPU-6000 0.7*VDD   V  
 MPU-6050 0.7*VLOGIC   V  
VIL, Low Level Input Voltage MPU-6000   0.3*VDD V  
 MPU-6050   0.3*VLOGIC V  
CI, Input Capacitance   < 5  pF  
DIGITAL OUTPUT (SDO, INT)       
VOH, High Level Output Voltage RLOAD=1MΩ; MPU-6000 0.9*VDD   V  
 RLOAD=1MΩ; MPU-6050 0.9*VLOGIC   V  
VOL1, LOW-Level Output Voltage RLOAD=1MΩ; MPU-6000   0.1*VDD V  
 RLOAD=1MΩ; MPU-6050   0.1*VLOGIC V  
VOL.INT1, INT Low-Level Output 
Voltage 
OPEN=1, 0.3mA sink 
Current 
  0.1 V  
Output Leakage Current OPEN=1  100  nA  
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6.5 Electrical Specifications, Continued 
Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or 
VDD, TA = 25°C 
Parameters Conditions Typical Units Notes 
Primary I
2
C I/O (SCL, SDA)     
VIL, LOW-Level Input Voltage MPU-6000 -0.5 to 0.3*VDD V  
VIH, HIGH-Level Input Voltage MPU-6000 0.7*VDD to VDD + 0.5V V  
Vhys, Hysteresis MPU-6000 0.1*VDD V  
VIL, LOW Level Input Voltage MPU-6050 -0.5V to 0.3*VLOGIC V  
VIH, HIGH-Level Input Voltage MPU-6050 0.7*VLOGIC to VLOGIC + 0.5V V  
Vhys, Hysteresis MPU-6050 0.1*VLOGIC V  
VOL1, LOW-Level Output Voltage 3mA sink current 0 to 0.4 V  
IOL, LOW-Level Output Current VOL = 0.4V 3 mA  
 VOL = 0.6V 5 mA  
Output Leakage Current  100 nA  
tof, Output Fall Time from VIHmax to VILmax Cb bus capacitance in pF 20+0.1Cb to 250 ns  
CI, Capacitance for Each I/O pin   < 10 pF  
Auxiliary I
2
C I/O (AUX_CL, AUX_DA) MPU-6050: AUX_VDDIO=0     
VIL, LOW-Level Input Voltage   -0.5V to 0.3*VLOGIC V  
VIH, HIGH-Level Input Voltage   0.7*VLOGIC to  
VLOGIC + 0.5V 
V  
Vhys, Hysteresis   0.1*VLOGIC V  
VOL1, LOW-Level Output Voltage VLOGIC > 2V; 1mA sink current 0 to 0.4 V  
VOL3, LOW-Level Output Voltage VLOGIC < 2V; 1mA sink current 0 to 0.2*VLOGIC V  
IOL, LOW-Level Output Current VOL = 0.4V 






Output Leakage Current  100 nA  
tof, Output Fall Time from VIHmax to VILmax  Cb bus capacitance in pF 20+0.1Cb to 250 ns  







MPU-6000/MPU-6050 Product Specification 
Document Number: PS-MPU-6000A-00 
Revision: 3.4 
Release Date: 08/19/2013 
 
           17 of 52 
6.6 Electrical Specifications, Continued 
Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or 
VDD, TA = 25°C 
Parameters Conditions Min Typical Max Units Notes 
INTERNAL CLOCK SOURCE CLK_SEL=0,1,2,3      
Gyroscope Sample Rate, Fast DLPFCFG=0 
SAMPLERATEDIV = 0 
 8  kHz  
Gyroscope Sample Rate, Slow DLPFCFG=1,2,3,4,5, or 6 
SAMPLERATEDIV = 0 
 1  kHz  
Accelerometer Sample Rate   1  kHz  
Clock Frequency Initial Tolerance   CLK_SEL=0, 25°C -5  +5 %  
  CLK_SEL=1,2,3; 25°C -1  +1 %  
Frequency Variation over Temperature CLK_SEL=0  -15 to +10  %  
  CLK_SEL=1,2,3  ±1  %  
PLL Settling Time CLK_SEL=1,2,3  1 10 ms  
EXTERNAL 32.768kHz CLOCK CLK_SEL=4      
External Clock Frequency    32.768  kHz  
External Clock Allowable Jitter Cycle-to-cycle rms  1 to 2  µs  
Gyroscope Sample Rate, Fast DLPFCFG=0 
SAMPLERATEDIV = 0 
 8.192  kHz  
Gyroscope Sample Rate, Slow DLPFCFG=1,2,3,4,5, or 6 
SAMPLERATEDIV = 0 
 1.024  kHz  
Accelerometer Sample Rate   1.024  kHz  
PLL Settling Time    1 10 ms  
EXTERNAL 19.2MHz CLOCK CLK_SEL=5      
External Clock Frequency    19.2  MHz  
Gyroscope Sample Rate Full programmable range 3.9  8000 Hz  
Gyroscope Sample Rate, Fast Mode DLPFCFG=0 
SAMPLERATEDIV = 0 
 8  kHz  
Gyroscope Sample Rate, Slow Mode DLPFCFG=1,2,3,4,5, or 6 
SAMPLERATEDIV = 0 
 1  kHz  
Accelerometer Sample Rate   1  kHz  
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6.7 I
2
C Timing Characterization 
Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V±5% or 
VDD, TA = 25°C 






    
  
fSCL, SCL Clock Frequency    400 kHz  
tHD.STA, (Repeated) START Condition Hold 
Time 
 0.6   µs  
tLOW, SCL Low Period  1.3   µs  
tHIGH, SCL High Period  0.6   µs  
tSU.STA, Repeated START Condition Setup 
Time 
 0.6   µs  
tHD.DAT, SDA Data Hold Time  0   µs  
tSU.DAT, SDA Data Setup Time  100   ns  
tr, SDA and SCL Rise Time Cb bus cap. from 10 to 400pF 20+0.1Cb  300 ns  
tf, SDA and SCL Fall Time Cb bus cap. from 10 to 400pF 20+0.1Cb  300 ns  
tSU.STO, STOP Condition Setup Time  0.6   µs  
tBUF, Bus Free Time Between STOP and 
START Condition 
 1.3   µs  
Cb, Capacitive Load for each Bus Line   < 400  pF  
tVD.DAT, Data Valid Time    0.9 µs  
tVD.ACK, Data Valid Acknowledge Time    0.9 µs  
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SPECIFICATIONS (* Tested at 25°C except stated otherwise.) 
Characteristics Conditions* Min Typ Max Units 
Power Supply      
    Supply Voltage VDD Referenced to AGND 









    Average Current Draw Idle Mode 
Measurement Mode (7.5 Hz ODR; 
No measurement average, MA1:MA0 = 00) 
VDD = 2.5V, VDDIO = 1.8V (Dual Supply) 













Performance      
    Field Range Full scale (FS) -8  +8 gauss  
    Mag Dynamic Range 3-bit gain control ±1  ±8 gauss 
    Sensitivity (Gain) VDD=3.0V, GN=0 to 7, 12-bit ADC 230  1370 LSb/gauss 
    Digital Resolution VDD=3.0V, GN=0 to 7, 1-LSb, 12-bit ADC 0.73  4.35 milli-gauss 
    Noise Floor 
    (Field Resolution) 
 
VDD=3.0V, GN=0, No measurement 
average, Standard Deviation 100 samples 
(See typical performance graphs below) 
 2  milli-gauss 
    Linearity ±2.0 gauss input range   0.1 ±% FS 
    Hysteresis ±2.0 gauss input range  ±25  ppm 
    Cross-Axis Sensitivity Test Conditions: Cross field = 0.5 gauss,  
Happlied = ±3 gauss 
 ±0.2%  %FS/gauss 
    Output Rate (ODR) Continuous Measurment Mode 
Single Measurement Mode 




    Measurement Period From receiving command to data ready  6  ms 
    Turn-on Time Ready for I2C commands 





    Gain Tolerance All gain/dynamic range settings  ±5  % 
    I
2
C Address 8-bit read address 





    I
2
C Rate Controlled by I
2
C Master   400 kHz 
    I
2
C Hysteresis Hysteresis of Schmitt trigger inputs on SCL 













X & Y & Z Axes (GN=5) Positive Bias 






    Sensitivity Tempco TA = -40 to 125°C, Uncompensated Output  -0.3  %/°C 
General      
    ESD Voltage Human Body Model (all pins) 
Charged Device Model (all pins) 
  2000 
750 
Volts 
    Operating Temperature Ambient -30  85 °C 
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Characteristics Conditions* Min Typ Max Units 
    Reflow Classification MSL 3, 260 C Peak Temperature     
    Package Size Length and Width 2.85 3.00 3.15 mm 
    Package Height  0.8 0.9 1.0 mm 
    Package Weight    18  mg 
 
Absolute Maximum Ratings (* Tested at 25°C except stated otherwise.) 
Characteristics Min Max Units 
    Supply Voltage VDD -0.3 4.8 Volts 
    Supply Voltage VDDIO -0.3 4.8 Volts 
 
PIN CONFIGURATIONS  
Pin Name Description 
1 SCL Serial Clock – I
2
C Master/Slave Clock 
2 VDD Power Supply (2.16V to 3.6V) 
3 NC Not to be Connected 
4 S1 Tie to VDDIO 
5 NC Not to be Connected 
6 NC Not to be Connected 
7 NC Not to be Connected 
8 SETP Set/Reset Strap Positive – S/R Capacitor (C2) Connection 
9 GND Supply Ground 
10 C1 Reservoir Capacitor (C1) Connection 
11 GND Supply Ground 
12 SETC S/R Capacitor (C2) Connection – Driver Side 
13 VDDIO IO Power Supply (1.71V to VDD) 
14 NC Not to be Connected 
15 DRDY 
Data Ready, Interrupt Pin.  Internally pulled high.  Optional connection.  Low for 250 
µsec when data is placed in the data output registers. 
16 SDA Serial Data – I
2
C Master/Slave Data 
 





















   






   
   
   
   
   































































Height ≤0,51mm / 0.020“  (for SP and HP)            ≤0,70 mm / 0,030 (for EP)
Resistance, standard 10kΩ 10kΩ 10kΩ 10kΩ 10kΩ 20kΩ 20kΩ
Drawing# SoftPot 7182 7183 7282 7184 7185 7284 7186
Drawing# HotPot 7177 7294 7281 7179 7180 7283 7181
Adhesive 3M-467-200 MP
Drawing (SoftPot, ShieldedPot, Hotpot)
How to Order
Type- Model- Active area lenght- Resistance- Connector type-
Example: SP-L-0200-103-ST
SP = SoftPot 
HP = HotPot 
EP = ShieldedPot 
L = Rectilinear 0050 =   50 mm
0100 = 100 mm
0170 = 170 mm
0200 = 200 mm
0300 = 300 mm
0400 = 400 mm
0500 = 500 mm
102 = 1 KOhm
502 = 5 KOhm
103 = 10 KOhm
203 = 20 KOhm
ST   = Solder tabs
MP = Male Pins 
RF  = Receptacles Female
RH  = Receptacles Housing (1)
Bold marked partnumbers are prefered parts, all other parts will be produced after order and may have price adders.

























   






   
   
   
   
   



































Potentiometer and Membrane Switch designs demand custom 
treatment, as each design is unique. Our corps of design en-
gineers have combined decades of experience in the industry 
with the tools and the technology to make your product with 
the highest quality. 
Decades of experience
Clean Room Tests To Your Needs Custom Production Major Suppliers: 
3M, Dupont, GE
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Type- Model- Center of active track/ Active angle- Resistance- Connector type-
Example: SP-R-0046/0353-103-ST
SP = SoftPot 
HP = HotPot 
EP = ShieldedPot 
R = Rotary  0046 = 45,57 mm  0353 = 353° 102 = 1 KOhm
502 = 5 KOhm
103 = 10 KOhm
203 = 20 KOhm
ST   = Solder Tabs
MP = Male Pins 
RF  = Receptacles Female
RH  = Receptacles Housing (1)
Connection
Bold marked partnumbers are prefered parts, all other parts will be produced after order and may have price adders.



















   






   
   
   
   
   




















































   






   
   
   
   
   






































possible values Customer request
Rectiinear
Part length 65 to 515 mm 10 - 2400 mm mm
Overall width 7.5 to 25 mm on request mm
Active area width 4 to 12 mm on request mm
Active area length 50 to 500 mm 10 - 2300 mm
Rotary
Outside diameter 25 to 450 mm on request  mm
Inside diameter outside dia. -15mm on request mm
Active area width 4 to 12 mm on request mm
Active area degrees 353° on request °
Position of active area, sketch or drawing attached 
Tail length or extension min. 13 mm on request mm
Seal conditions meet IP 66 Vent on request 
Operating Temp.: SoftPot: -40°C to 75°C °C
               ShieldedPot: -40°C to 75°C  °C
HotPot: -40°C to 125°C °C
Life cycles depending on wiper1 cycle: move 90% electr. travel and back Million
Dithers cycles x5 Million
Wiper force 0.5N to 5.0N (details see specification) N
Custom drawing, fill in:
Connector type, fill in:
Electrical Data (rectilinear, rotary)
Resistance 10kΩ to 20kΩ 1kΩ to 100kΩ kΩ
Resistance Tolerance ±20% on request %
Linearity, independent ±3% for rectilinear ±5% for rotary on request %





SoftPot                       ShieldedPot                      HotPot
Customer (Distributor’s customer) State *  ZIP City
* State:   A = Austria; CH = Swiss; D = Germany; E = Spain; F = France; HR = Croatia; I = Italy, UK = United Kingdom; B = Belgium, CZ = Czech Rep.; DK = Danmark; FIN = Finland; 
            H = Hungaria; IL = Israel; IRL = Ireland; L = Luxembourg; M = Malta; NL = Netherlands; N = Norway; P = Portugal; PL = Poland; RO = Romania; RUS = Russia; S = Sweden; 
            SCG = Serbia+Montenegro; SK = Slowakia; SLO = Slowenia; SU = Serbia/Montenegro; TR = Turkey
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Wiper and Connectors
Picture: Standard wiper (Customized wiper on request)
Variety connector combinations ...
... flat to PCB
... flat to round (wire)
... flat to your needs on request
Details for connector you will find:
www.nicomatic.com (English, French)
www.dico-electronic.de (German)
We recommend Nicomatic contacts.
Round to flat  
Wiper
Connectors 
Regarding contact pressure, Spectra Symbol recommends different 
pressure based on the model of membrane potentiometer, but the 
contact pressure will almost always be within the broad range of 
0.5 Newtons to 5 Newtons.  It is advisable to seek the advice of the 
Spectra Symbol engineering department in contact wiper decisions, 
as the selection of the correct wiper (material, form) can affect the 
life cycle and electrical output of the membrane potentiometer. 
Excample for housings
The wiper can be easily integrated into the application. 
The pictures on the left and on the right show typical wiper 
constructions. With small quantities, an off-the- shelf solution 
might be easier, while with higher quantities or space limitations
a custom wiper may be required. 
One application requires a spring-loaded screw, another 
will require a spring-plate 
attached to Delrin plastic; each 
application is particular to the 
needs of space and cost. 
In the highest life-cycle require-
ments, a rolling wiper is recom-
mended. As rule of thumb a spherical wiper with diameters from 
1.5mm to 3mm is recommended. The wiper covers of 10% to 
50% the active width. Materials such as most injection molded 
hard plastics, nylon, brass and aluminum will work well with the 
SoftPot potentiometer, while Delrin/Delron plastic, steel and other 
























   






   
   
   
   
   




































Spectra Symbol . 3101 W . 2100 S . Salt Lake City . UT 84119 . Tel. 801-972-6995 . www.spectrasymbol.com . info@spectrasymbol.com
Our Partner in your area:
Spectra Symbol



















   






   
   
   
   
   










































All Inputs and Outputs w.r.t. VSS ............... -0.3 to (VDD+0.3)V
Maximum Junction Temperature, TJ ............ Internally Limited
Storage temperature .....................................-65°C to +150°C
ESD protection on all pins:
Human Body Model (1.5 k in Series with 100 pF) 4 kV
Machine Model (200 pF, No Series Resistance) .............400V
† Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at those or any other conditions above those
indicated in the operational listings of this specification
is not implied. Exposure to maximum rating conditions
for extended periods may affect device reliability.
DC CHARACTERISTICS
Electrical Specifications: Unless otherwise indicated, all limits apply for VDD= [VREG(typical) + 0.3V] to 6V, TA = -40°C to +85°C. 
Typical values are at +25°C, VDD = [VREG (typical) + 1.0V] 
Parameters Sym. Min. Typ. Max. Units Conditions
Supply Input
Supply Voltage VDD 3.75 — 6 V
Supply Current ISS — 510 1500 µA Charging
— 53 200 µA Charge Complete,
No Battery
— 25 50 µA PROG Floating
— 1 5 µA VDD < (VBAT - 50 mV)
— 0.1 2 µA VDD < VSTOP
UVLO Start Threshold VSTART 3.3 3.45 3.6 V VDD Low-to-High
UVLO Stop Threshold VSTOP 3.2 3.38 3.5 V VDD High-to-Low
UVLO Hysteresis VHYS — 70 — mV
Voltage Regulation (Constant-Voltage Mode)
Regulated Output Voltage VREG 4.168 4.20 4.232 V MCP7383X-2
4.317 4.35 4.383 V MCP7383X-3
4.367 4.40 4.433 V MCP7383X-4
4.466 4.50 4.534 V MCP7383X-5
VDD = [VREG(typical)+1V]
IOUT = 10 mA 
TA = -5°C to +55°C
Line Regulation VBAT/
VBAT)/VDD|
— 0.09 0.30 %/V VDD = [VREG(typical)+1V] to 
6V, IOUT = 10 mA
Load Regulation VBAT/VBAT| — 0.05 0.30 % IOUT = 10 mA to 50 mA
VDD = [VREG(typical)+1V]
Supply Ripple Attenuation PSRR — 52 —- dB IOUT=10 mA, 10Hz to 1 kHz
— 47 — dB IOUT=10 mA, 10Hz to 10 kHz
— 22 — dB IOUT=10 mA, 10Hz to 1 MHz
Current Regulation (Fast Charge Constant-Current Mode)
Fast Charge Current 
Regulation 
IREG 90 100 110 mA PROG = 10 k
450 505 550 mA PROG = 2.0 kNote 1
12.5 14.5 16.5 mA PROG = 67 k
TA = -5°C to +55°C
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Preconditioning Current Regulation (Trickle Charge Constant-Current Mode)
Precondition Current 
Ratio
IPREG / IREG 7.5 10 12.5 % PROG = 2.0 kto 10 k
15 20 25 % PROG = 2.0 kto 10 k
30 40 50 % PROG = 2.0 kto 10 k
— 100 — % No Preconditioning
TA = -5°C to +55°C
Precondition Voltage 
Threshold Ratio
VPTH / VREG 64 66.5 69 % VBAT Low-to-High
69 71.5 74 % VBAT Low-to-High




ITERM / IREG 3.75 5 6.25 % PROG = 2.0 kto 10 k
5.6 7.5 9.4 % PROG = 2.0 kto 10 k
8.5 10 11.5 % PROG = 2.0 kto 10 k
15 20 25 % PROG = 2.0 kto 10 k




VRTH / VREG 91.5 94.0 96.5 % VBAT High-to-Low
94 96.5 99 % VBAT High-to-Low
Pass Transistor ON-Resistance
ON-Resistance RDSON — 350 — m VDD = 3.75V, TJ = 105°C
Battery Detection
Battery Detection Current IBAT_DET — 6 — µA VBAT Source Current
No-Battery-Present 
Threshold
VNO_BAT — VREG + 
100 mV




ZNO_BAT 2 — — M VBAT Impedance ≥ ZNO_BAT 
for No Battery condition,
Note 1
Battery Discharge Current
Output Reverse Leakage 
Current
IDISCHARGE — 0.15 2 µA PROG Floating
— 0.25 2 µA VDD Floating
— 0.15 2 µA VDD < VSTOP
— -5.5 -15 µA Charge Complete
Status Indicator – STAT
Sink Current ISINK — — 25 mA
Low Output Voltage VOL — 0.4 1 V ISINK = 4 mA
Source Current ISOURCE — — 35 mA
High Output Voltage VOH — VDD-0.4 VDD - 1 V ISOURCE = 4 mA (MCP73831)




RPROG 2 — 67 k
Minimum Shutdown 
Impedance
RPROG 70 — 200 k
Automatic Power Down






— 3.5V  VBAT  VREG
VDD Falling
DC CHARACTERISTICS (CONTINUED)
Electrical Specifications: Unless otherwise indicated, all limits apply for VDD= [VREG(typical) + 0.3V] to 6V, TA = -40°C to +85°C. 
Typical values are at +25°C, VDD = [VREG (typical) + 1.0V] 
Parameters Sym. Min. Typ. Max. Units Conditions
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TEMPERATURE SPECIFICATIONS






3.5V  VBAT  VREG
VDD Rising
Thermal Shutdown
Die Temperature TSD — 150 — C
Die Temperature 
Hysteresis
TSDHYS — 10 — C
DC CHARACTERISTICS (CONTINUED)
Electrical Specifications: Unless otherwise indicated, all limits apply for VDD= [VREG(typical) + 0.3V] to 6V, TA = -40°C to +85°C. 
Typical values are at +25°C, VDD = [VREG (typical) + 1.0V] 
Parameters Sym. Min. Typ. Max. Units Conditions
Note 1: Not production tested. Ensured by design.
AC CHARACTERISTICS
Electrical Specifications: Unless otherwise indicated, all limits apply for VDD = [VREG (typical) + 0.3V] to 12V, 
TA = -40°C to +85°C. Typical values are at +25°C, VDD = [VREG (typical) + 1.0V] 
Parameters Sym. Min. Typ. Max. Units Conditions
UVLO Start Delay tSTART — — 5 ms VDD Low-to-High
Constant-Current Regulation
Transition Time Out of 
Preconditioning
tDELAY — — 1 ms VBAT < VPTH to VBAT > VPTH
Current Rise Time Out of 
Preconditioning
tRISE — — 1 ms IOUT Rising to 90% of IREG
Termination Comparator 
Filter
tTERM 0.4 1.3 3.2 ms Average IOUT Falling
Charge Comparator Filter tCHARGE 0.4 1.3 3.2 ms Average VBAT 
Status Indicator
Status Output turn-off tOFF — — 200 µs ISINK = 1 mA to 0 mA
Status Output turn-on tON — — 200 µs ISINK = 0 mA to 1 mA
Electrical Specifications: Unless otherwise indicated, all limits apply for VDD = [VREG (typical) + 0.3V] to 12V.
Typical values are at +25°C, VDD = [VREG (typical) + 1.0V] 
Parameters Sym. Min. Typ. Max. Units Conditions
Temperature Ranges
Specified Temperature Range TA -40 — +85 °C
Operating Temperature Range TJ -40 — +125 °C
Storage Temperature Range TA -65 — +150 °C
Thermal Package Resistances
5-Lead, SOT-23 JA — 230 — °C/W 4-Layer JC51-7 Standard 
Board, Natural Convection 
(Note 2)
8-Lead, 2 mm x 3 mm, DFN JA — 76 — °C/W 4-Layer JC51-7 Standard 
Board, Natural Convection 
(Note 1)
Note 1: This represents the minimum copper condition on the PCB (Printed Circuit Board).





SLVS484C –JUNE 2003–REVISED DECEMBER 2014 www.ti.com
7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)
MIN MAX UNIT
Input voltage on LBI –0.3 3.6 V
Input voltage on SW, VOUT, LBO, VBAT, SYNC, EN, FB –0.3 7 V
TA Operating free air temperature –40 85 °C
TJ Maximum junction temperature 150 °C
Tstg Storage temperature –65 150 °C
(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
7.2 ESD Ratings
VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000
V(ESD) Electrostatic discharge VCharged-device model (CDM), per JEDEC specification JESD22- ±1000
C101 (2)
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions. Pins listed as ±XXX V may actually have higher performance.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions. Pins listed as ±YYY V may actually have higher performance.
7.3 Recommended Operating Conditions
MIN NOM MAX UNIT
VI Supply voltage at VBAT 1.8 5.5 V
L Inductance 2.2 6.8 µH
Ci Input, capacitance 10
µF
Co Output capacitance 22 100
TA Operating free air temperature –40 85
°C
TJ Operating virtual junction temperature –40 125
7.4 Electrical Characteristics
over recommended free-air temperature range and over recommended input voltage range (typical values are at an ambient
temperature range of 25°C) (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DC-DC STAGE
VI Input voltage range 1.8 5.5
V
VO TPS61090 output voltage range 1.8 5.5
VFB TPS61090 feedback voltage 490 500 510 mV
f Oscillator frequency 500 600 700
kHz
Frequency range for synchronization 500 700
ISW Switch current limit VOUT= 5 V 2000 2200 2500
mA
Start-up current limit 0.4 x ISW
Boost switch on resistance VOUT= 5 V 55
mΩ
Rectifying switch on resistance VOUT= 5 V 55
Total accuracy –3% 3%
Line regulation 0.6%
Load regulation 0.6%
4 Submit Documentation Feedback Copyright © 2003–2014, Texas Instruments Incorporated
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Electrical Characteristics (continued)
over recommended free-air temperature range and over recommended input voltage range (typical values are at an ambient
temperature range of 25°C) (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
into
IO = 0 mA, VEN = VBAT = 1.8 V, VOUT =5 V 10 25VBAT
Quiescent current
into µA
IO = 0 mA, VEN = VBAT = 1.8 V, VOUT = 5 V 10 20VOUT
Shutdown current VEN= 0 V, VBAT = 2.4 V 0.1 1
CONTROL STAGE
VUVL Under voltage lockout threshold VLBI voltage decreasing 1.5 V
O
VIL LBI voltage threshold VLBI voltage decreasing 490 500 510
mV
LBI input hysteresis 10
LBI input current EN = VBAT or GND 0.01 0.1 µA
LBO output low voltage VO = 3.3 V, IOI = 100 µA 0.04 0.4 V
LBO output low current 100
µA
LBO output leakage current VLBO = 7 V 0.01 0.1
VIL EN, SYNC input low voltage 0.2 ×
VBAT
V
VIH EN, SYNC input high voltage 0.8 ×
VBAT
EN, SYNC input current Clamped on GND or VBAT 0.01 0.1 µA
Overtemperature protection 140 °C
Copyright © 2003–2014, Texas Instruments Incorporated Submit Documentation Feedback 5





































 J1: Bat Connector
 J2: USB Micro














 U7: RGB LED
 D1: LED CHRG
 D2: LED CHRGDONE
 D3: LED
 D4: LED LOWBATT
Jonathan Jacobs xxxi
                                          SHENZHEN PKCELL BATTERY CO., LTD 
Edition A 
Valid Date 2014-08-21 Document  
Technical Specification  
Li-Polymer 503035 
500mAh 3.7V with PCM Drafted  by Xiao li 
PKCELL 
BATTERY 




 Page 2 of 5                           
1 Scope 
This document describes the performance characteristics and testing methods for Li-polymer battery 
produced by SHENZHEN PKCELL BATTERY CO., LTD. 
2 Product type and model number 
2.1  Product type 
Lithium-polymer battery 
2.2  Model number 
LP-523334 3.7V 500mAh with PCM 
3 Rated performance 
Form 1:Battery rated performance 




Standard discharge after standard charge 
2 Nominal voltage 3.7V 
Mean operation voltage during standard 
discharge after standard charge 
3 Voltage at end of discharge 3.0V Discharge cut-off voltage 
4 Charging voltage 4.2V  
5 Standard charge 
Constant current 0.2C5A 
Constant voltage 4.2V 
Cut-off current 0.01C5A 
 
6 Quick charge 
Constant current 1C5A 
Constant voltage 4.2V 
Cut-off current 0.01C5A 
 
7 Standard discharge 
Constant current 0.2 C5A 









temperature range Discharge:-20~60℃ 
60±25%R.H 
10 Cycle life >500cycles 
Charging/discharging in the below condition: 
Charge: standard charge 
Discharge:0.2C5A to 3.0V 
Rest time between charge/discharge:30min 
Until the discharge capacity <60% of NC 
During 1 month: -5 ~ 35℃ 
11 
Storage 
temperature During 6 months: -20 ~ 45℃ 
60±25%R.H 
4 Electrical performances 
 
A9: Lithium battery Datasheet
xxxii Jonathan Jacobs
                                          SHENZHEN PKCELL BATTERY CO., LTD 
Edition A 
Valid Date 2014-08-21 Document  
Technical Specification  
Li-Polymer 503035 
500mAh 3.7V with PCM Drafted  by Xiao li 
PKCELL 
BATTERY 




 Page 3 of 5                           
Form 2: Battery electrical performances 
No Items Test procedure Requirements 
1 Nominal voltage 
The average value of the working voltage during the whole 
discharge process. 
3.7V 
2 Discharge performance 
The discharge capacity of the battery, measured with 0.2C5A 
down to 3.0V within 1 hour after a standard charge 
Discharge ≥Minimum 
capacity 
3 Capacity retention 
After 28 days storage at 25±5℃, after having been standard 
charged and discharged at 0.2C5A to 3.0V (the residual 
capacity is above 80% of nominal capacity) 
Discharge time≥4h 
4 Cycle life 
Charging/discharging in the below condition: 
Charge: standard charge 
Discharge:0.2C5A to 3.0V 
Rest time between charge/discharge:30min 
Until the discharge capacity <60% of NC 
>500cycles 
5 Standard test conditions  
Test should be conducted with new batteries within one week after shipment from our factory and the 
batteries shall not be cycled more than five times before the test. Unless otherwise defined, test and measurement 
shall be done under temperature of 20±5  and relative humidity ℃ of 45~85%. If it is judged that the test results are 
not affected by such conditions, the tests may be conducted at temperature 15~30℃ and humidity 25~85%RH. 
6  Cautions in use 
To ensure proper use of the battery please read the manual carefully before using it. 
6.1  Handling 
Do not expose to, dispose of the battery in fire. 
Do not put the battery in a charger or equipment with wrong terminals connected. 
Avoid shorting the battery. 
Avoid excessive physical shock or vibration. 
Do not disassemble or deform the battery. 
Do not immerse in water. 
Do not use the battery mixed with other different make, type, or model batteries. 
Keep out of the reach of children. 
6.2  charge and discharge 
Battery must be charged in appropriate charger only. 
Never use a modified or damaged charger. 
Do not leave battery in charge over 24 hours. 
6.3  storage 
Store the battery in a cool, dry and well-ventilated area. 
6.4  disposal 
Regulations vary for different countries, Dispose of in accordance with local regulations. 
7   Battery operation instruction 
Appendix
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A10: Cad Drawing of Slide Bracket
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A11: Schematic of the new PCB design
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Interactive Game for Children With Difficulty
Crossing the Midline
Jonathan Jacobs∗, Japie Greef† and Reolyn Heyman∗
∗ University of Johannesburg, Dept. E&E Eng. Science, South Africa
Email: jonty.jacobs@gmail.com, rheymann@uj.ac.za
† North-West University, TELIT-SA, South Africa
Email: japieg@gmail.com
Abstract—By the age of five years, a child ought to have
mastered the corresponding expertise of bilateral integration,
utilizing both sides of the body simultaneously, called “crossing
the midline”. This means that when a child who has difficulty
crossing the midline is confronted with actions that require the
midline to be crossed, the child is unable to perform the action in
the correct manner. When the midline is crossed spontaneously,
paths in the brain are developed. This skill is essential for the
advancement of various motor and cognitive skills. Children who
have trouble crossing the body’s midline, frequently experience
difficulties with mundane, day to day activities. Understanding
the challenges children who suffer from crossing the midline
face, this paper focuses on the creation of an interactive game
and particularly the development of an input device that could be
used by children. It is postulated that the playing of an interactive
game forms the required pathways to conduct movements that
once did not seem comfortable or possible for the child. During
development of the interactive game the guidance of occupational
therapists was sought. What is unique about this project is the
successful design of an affordable device, that can accurately
simulate and guide the movement of the child in the process
of treating their difficulty of crossing the midline. The project
further provides scope for other gross and fine motor difficulties
children have to be treated.
Index Terms—Virtual environments, virtual rehabilitation,
game design and development, serious games
I. INTRODUCTION AND PROBLEM STATEMENT
The developments in science and technology allows
occupational therapists to use new methods incorporating
technical advancement when treating children with fine
and gross motor difficulties. Innovative tools enabling
children to overcome their challenges are increasingly
becoming a possibility. At the forefront of this application
of technological advancements in occupational therapy is
virtual rehabilitation. Virtual rehabilitation is characterised
by a blend of virtual reality (VR) and virtual environments
(VE) within rehabilitation [1]. Virtual reality is best described
as, “an illusion of reality created by a computer system”
[2]. The rehabilitation process exploits brain plasticity,
the ability to regain function by creating neural pathways
generated in response to multiple repetitions and retraining [3].
The world we live in is experienced through the senses.
The five senses, taste, smell, sight, hearing and touch, are
a common concept taught in school. In addition to the five
senses, there are other sensory inputs, for example, the
sense of balance which is also referred to as the vestibular
system [4]. The extraordinary process of transmitting sensory
information in the brain generates the ability of various
senses of control. All that surrounds a person is perceived
from the input of our senses. Simply put, ones existence is
formed by an amalgamation of information from the senses
and the brain establishing a sense-making mechanism to
process what is being experienced. The point that is most
fascinating is, that if ones senses can be represented by
information that is fabricated then ones perception of what
they are experiencing and response to that particular situation
would also be influenced. People have embodied cognition
and people observe the world through their bodies. People
have the uncanny ability to “represent” information which
they experience through their senses in a way that makes
sense to them [5]. Thus if the information experienced by
a person is simulated, then one can experience a simulation
similar to the way one would reality. This statement should
not be taken too literally but merely understood as implying
that parts of reality can be simulated through virtual reality.
A more technical meaning for virtual reality is the,
“conception and control of dynamic 3-dimensional,
ecologically valid stimulus environments within which
behavioural responding can be recorded and measured” [6].
Virtual reality offers clinical assessment and rehabilitation
options that are not available with traditional methods [6].
This medium of virtual rehabilitation has the potential to
create settings in which real life feelings are generated.
At the same time this allows an individual to remove
themselves from the distractions surrounding themselves
and completely apply their minds and focus on the given
task in the simulated environment. The attention towards
incorporating virtual rehabilitation in occupational therapy
has grown as it stimulates motivation in the individual [7].
The individuals that are being treated while using virtual
rehabilitation are inclined to have fun therefore inducing the
feeling of motivation to improve their condition. Anyone
who has spent time recovering from an injury or correcting
a motion is aware that the therapy process is uneasy and in
some cases slow. Exercises that need to be done are repetitive
and boring for the patients. Lastly, therapists often observe
hurdles regarding the recovery of the patient after they are
A12: Interactive Game for Children with
Difficulty Crossing the Midline
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discharged as it is difficult to monitor them. Through the
incorporation of virtual rehabilitation clients can make use of
the therapy program in the comfort of their own homes [8].
With the fact that virtual rehabilitation is less boring
and more stimulating than tradional rehabilitation, prospects
for recovering through play is established and is deemed
to be enjoyable specifically for young children [9]. The
environment and manner in which the child is to be treated
is believed to enhance the child’s motivation and attitude
towards recovery. Furthermore, the childs eagerness to play
resulting in learning new movements is sustained for longer
time periods. Most importantly the childs control over the
movement being conducted is more disciplined as their
concentration lasts longer [9]. These aspects mentioned are
vital for improved rehabilitation outcomes specifically for
enabling the brains capability to develop new pathways and
for the childs self-discipline and self-confidence. Occupational
therapists are scarce in rural areas as well as many children
are not afforded the opportunity of being treated by a therapist
due to financial constraints. The development of this low cost
interactive game will be able to provide treatment for these
children.
There is a term, neuroplasticity which refers to the ability
of the brain to structurally and functionally adapt, which is
enhanced by training and experience. It is further known
that neuroplasticity is at its maximum in a critical period
which corresponds to the first seven years of a childs life
[7]. Therefore, with the development of an interactive game
(achieved through virtual reality) and with the neuroplasticity
of the child’s brain at this age, the child may be able
to develop the required pathways to conduct movements
that once seemed impossible. With the integration of the
revolution in technology and the innovation and creativity of
this approach, in which occupational therapists treat children,
a beneficial method of mitigating impositions such as Midline
Crossing could be developed.
Crossing the midline infers that a body part (eg. hand or
foot) can spontaneously move over to the opposite side of the
body to perform an action. To clarify, a child who has difficulty
crossing the midline can physically perform actions that cross
the centre of the body however they do not intuitively cross
the midline when challenged with a task that requires this
movement as they see this imaginary line that stops them.
This means that when a child who has difficulty crossing
the midline is confronted with actions such as scratching an
elbow, crossing legs, reading and writing from left to right,
the child is unable to perform the action in the correct manner.
In order to support children that have trouble developing
the mandatory ability of crossing the midline an interactive
serious game was created. The game provides movements
that have been extensively researched to improve midline
crossing. While playing the game movements performed will
expectantly formulate the required paths in the childs brain
to enable them to not only spontaneously perform an action
when crossing the midline but understand and realise that the
midline can be crossed at any given moment.
II. BACKGROUND
A. Conventional methods of treating children with difficulty
crossing the midline
Today, occupational therapists will treat children who have
difficulty crossing the midline using conventional methods.
Arts and crafts are often used in which beads are threaded,
cutting, pasting and folding paper are all actions that are
performed and require the midline to be crossed. Finger
puppets or stickers are also used by placing or sticking
the puppets or stickers on one of the child’s hand and then
encouraging the child to remove the puppet or sticker with the
opposite hand. Building blocks, playing twister and marching
games using their arms and legs are also more common
methods used by therapists.
Specific examples of complications that could be
experienced by children that have untreated difficulties
in crossing the midline are problems in reading and writing.
The child will then avoid activities where a pencil is used as
the child is unable to hold or write with the pencil properly.
Another example is that of reading, when one reads, their
eyes move left to right and therefore the midline is crossed.
Children who have difficulty crossing the midline will then
struggle when reading. These are just two examples but there
are many more. Frustration in the behaviour of the child will
be noticeable as the child will become angry when trying
to engage in fine motor activities due to less refined hand
skills. The coordination of both sides of the body will be less
refined, leading to difficulties experienced when playing sport
or doing any physical activity. Additionally, when reading,
the child will encounter distress when their eyes are trying to
cross from left to right.
On a more positive note, if a child struggles to cross the
body’s midline and is treated, milestones such as developing
a dominant hand will occur. Pencil skills and fine motor
tasks will be refined, easing the transition into an academic
environment where those skills are expected to be grasped.
The child will be able to complete self care tasks for example
brushing their teeth and getting dressed. The child will be able
to kick and hit balls as well as run because their gross and fine
motor skills will be improved. Lastly, their ability to visually
track across a page effectively will be better and therefore
result in fluent reading.
B. Alternative method of treatment
A unique method of treatment is using virtual rehabilitation.
Simply put virtual rehabilitation provides an interactive
environment for the patient, in this case the child, in which
the child interacts with the enviroment also known as a virtual
environment(VE). The rehabilitation process exploits a term
Appendix
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that has been mentioned before and that is neuroplasticity,
the skill to regain function by developing neural pathways
generated in response to multiple repetitions and retraining
[10]. One major obstacle when treating children in the
conventional sense is that of boredom, because of the
intensive practice required [9]. The advantages of creating
this VE with an interactive component is that it combats the
boredom factor by placing the child into an environment that
is similar to the real world in terms of the perceptual stimuli it
exhibits which then puts the child at ease [10]. An imperative
aspect of VE is the child’s ability to manipulate and control
some of the stimuli and see in real time the outcome of the
effect of the actions and adjust them accordingly. This aspect,
being the interactive component creates an engagement
with the environment allowing the child to feel and be in
control of their movement. This idea is explained as the
perceptual illusion of nonmediation [11]. The sensations that
are familiar and that are present in VE and the ability for
the child to control and manipulate the stimuli that surrounds
them, generates the psychological effects of enjoyment and
particularly involvement [11]. The mere fact that the child
is able to observe their own manipulation in the actions
performed in real time, grants VE a superb tool for training
and treatment purposes. The unique merging of purpose and
pleasure develops intrinsic motivation in the child[12].
The most commonly used input systems used for VE
treatment are based on commercially available controllers
that have been re-purposed for the treatment context. The
three that are most commonly used are the Nintendos’s Wii
Fit, Microsoft’s Kinect and Sony’s Eye Toy. The Nintendos’s
Wii Fit and Microsoft’s Kinect shall be discussed. The
Wii Fit combines both fitness and fun in a product that is
available for purchase. The Wii Fit was created to encourage
people to exercise as well as improve balance. A study was
conducted by the University of Naples titled, “Comparison
between clinical and instrumental assessing using Wii Fit
System on balance control,” and it was found that the Wii
showed better improvements regarding the physical therapy
in terms of the balance and self confidence [13]. Further
conclusions were made that the Wii is acceptable as an
adjunct to virtual rehabilitation intervention and provide an
exciting new therapy device [13]. Despite the positive results
that were found it was also determined that the Wii Fit
system is unable to replace conventional asssesments because
it does not provide suffcient information about whether the
person has balance problems it just indicates to the therapist
either that the person can or cannot balance [13]. In addition,
as mentioned before, the main purpose of the Wii Fit is to
promote exercise and improve balance however it does not
provide a platform in which more specific impositions such
as difficulty crossing the midline can be treated or trained.
Furthermore, if one wanted to use the Wii Fit for treatment
or training purposes one would need to purchase not only the
balance board but the console and remote too, resulting in an
expensive endeavour.
Microsoft has developed a sensor called the Kinect.
The Kinect looks like a webcam that is connected to the
Xbox console or a computer. Microsoft’s initial intention for
developing this sensor was for an enhanced gaming experience
for users in video games. The scientific community have
become quite attracted and very attentive to this device,
particularly those in the biomedical engineering field. The
Kinect provides real time identification of the spatial locations
of the human body and therefore is suitable to study the
human body in terms of numerous criterion addressing various
aspects of human gestures and movement [14]. The Wroclaw
University of Science and Technology in Poland conducted a
study on the Microsoft Kinect as a Tool to Support Training
in Professional Sports [14]. They have presented an orignal
training system that utilizes the Microsoft Kinect with the
purpose to strengthen and enhance the quality of training
in professional sports [14]. Even though this is a unique
and innovative approach there were limitations that were
encountered for example body parts that are in optical shade
could not be sensed correctly by the Kinect [14]. Despite
the kinect providing a beneficcal approach for therapists to
treat children, it has been researched that when children are
holding something they feel more in control and thus more
involved [15].
An alternative approach to the treatment of hand function
rehabilitation due to a neurological disorder was proposed by
the University of Minho [16]. The solution aimed to provide
the required precision, stability and feasibility through the
combination of eleven inertial measurements units (IMUs).
Each unit captured the spatial orientation of the attached body
[16]. The authors also presented a solution for a low-cost
laparoscopy simulator able to monitor and assist the trainees
surgical movements. They developed this alternative approach
by incorparating virtual reality [17]. The prototype consisted
of a set of inexpensive sensors, namely an accelerometer,
a gyroscope, a magnetometer and a flex sensor, attached to
specific laparoscopic instruments.
The research into the systems that are beginning to be
implemented to develop fine and gross motor, cognitive and
communication abilities indicated an evident need for a low
cost system that can be used to assist children with crossing
the midline. The paper is structured as follows: Section II pro-
vides the problem statement. Section III discusses the design
employed to develop hardware and software for the interactive
game. The main findings of the project are documented in
Section IV with a discussion of the value and contribution
of an interactive game to assist children who have difficulty
crossing the midline. The paper is concluded in Section V.
III. DESIGN
Fig. 1 depicts a high level design of the process to be fol-
lowed. A sensor is attached to the child and senses the position
of the child’s hand. It is then processed and transmitted to the
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Fig. 1: High level design of sensor communicating with the gaming engine
computer via Bluetooth. The data is then used to move the
character on the screen. The code developed for the ATMEGA
microcontroller consists of two main sections, namely the
PC-ATMEGA interface and the wireless Sensor-ATMEGA
interface. The components and their respective reasons for
being chosen shall be mentioned. Each part of the process
shall be explained. The wiring of the system as well as the
design of the PCB were all assembled from the ground up.
Mobile phone use at the moment is ubiquitous even in poorer
communities in South Africa. Which means the fact that a
laptop is used for testing is not of relevance as Bluetooth will
allow connection to mobile phones, therefore people would
not have to buy an additional platform like they would have
to for the Xbox or Wii platforms [18].
A. Sensor Used to Obtain Position
It should be mentioned that using an MPU-6050 to obtain
position was investigated however, the sensor values received
from the MPU-6050 were not moving in the same axis as
reference to that of the hand. To clarify, the MPU-6050
uses gravity (downwards) as a reference where as the hand
movement’s reference needs to be side to side. Moreover, it
was difficult to find Earth’s North point. This is due to the
fact that gravity was the only reference vector and thus any
rotation of the device around the gravity vector would not
produce a different output in the accelerometer [19]. It was
concluded that there is a possibility of calibrating and filtering
the data however with the time constraints and lack of funds
an improved method of obtaining the movement of the child
was needed. A HMC5883L magnetometer was selected to
replicate the movement of the child into the game by obtaining
the position of the child’s arm. The sprite is the terminology
used to describe an avatar, shape or character that the child
has control over. The magnetometer was used to control
the sprite’s position. The raw data from the magnetometer
is calibrated through the model explained below, and then
transmitted via Bluetooth into the game.
B. Calibration of Magnetometer
When the HMC5883L was implemented, extensive research
was conducted on how to determine the most accurate data.
It was discovered that measurement of magnetic field is
subjected to distortion [20]. It was further identified that
there are two categories of these distortions: the hard iron
distortions and the soft iron distortions. The hard iron errors
refer to the presence of magnetic fields around the sensor
for example; magnets, power supplies and wires. These hard
iron objects are related to measurement offset errors, while
the soft iron errors refer to the presence of ferromagnetic
materials around the sensor, which skew the density of
the earth’s magnetic field locally and are related to scaling
offset errors. In other words, one of the ways to get the
correct magnetometer data is to account for both the soft
and hard errors by obtaining the calibrated magnetometer data.
A magnetometer sensor model was computed to estimate
the error, based on the error, the data was adjusted accordingly.
An explanation into how the soft and hard errors can effect
the magnetometer data will be conveyed. Fig. 2 shows a
circle around the x-axis of the uncalibrated data when the
magnetometer is turned around 360◦. It can be noticed that
the circle is not centred around the x-axis, this is due to the
effect of the hard iron distortions. It can be further noticed
that the so called circle’s circumference in Fig. 2 is not
perfectly smooth and round, this is because of the soft iron
distortions.
In order to eliminate the hard and soft iron distortions the
VectorNav calibration model was adopted [21]. The calibration
model, consisted of 12 hard and soft iron compensation
parameters. The first 9 parameters are responsible to correct
the soft iron distortions while the last three parameters com-
pensate for the hard iron distortions. Concerning the process
of calibrating the magnetometer, a cube was used with each
face containing a specified axis. Once the cube had been set
up and the magnetometer was attached to the cube with axis
on HMC5883L matching the axis on the cube, the calibration
process was then started. A program called MagMaster was
run, the error pertaining to each axis was determined by
positioning the cube according to the attached picture of that
axis. For example, when the error for axis X- at point 0◦ was
computed the cube was positioned with the axis on the face
of the cube matching the axis in Fig. 4. The orientation of the
cube was then changed to match the axis on the face of the
cube to the axis in Fig. 5. A similar process was followed for
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Fig. 2: Uncalibrated data around the x-axis
Fig. 3: Calibrated data around the x-axis
Fig. 4: Orientation of the cube X- at point 0◦
Fig. 5: Orientation of the cube X- at point 180◦
all the axes by changing the orientation of the cube. Lastly,
Fig. 3 shows the calibrated data around the x-axis when the
magnetometer is turned around 360◦ with the resultant matrix
incorporated. The improvement and impact the calibrated data
has in terms of the centring of the circle and the smoothness
of the circumference of the circle is clearly observed when
comparing Fig. 3 and Fig. 2.
C. Microcontroller
A decision was reached that the ATmega328P-PU microcon-
troller found in the Arduino UNO was to be used by creating a
circuit that incorporates the ATmega328P-PU. This was done
for convenience as the Arduino comes pre-loaded with a boot-
loader allowing serial programming. However, if the sensor
was to be produced it would also be possible to program the
ATMEGA using the SPI port without a bootloader. It needs to
be explained that the ATmega328P-PU was programmed while
still placed in the Arduino board and then once programmed
it was placed in the integrated circuit designed. The MPU-
6050 which includes both an accelerometer and gyroscope was
also implemented into the design for future work regarding
additional sensing that can be incorporated. The MPU-6050
would also provide specific data for further applications that
can be used to treat other gross and fine motor difficulties. The
device selected to provide the wireless communication was the
Bluetooth module HC-06. The device was chosen specifically
for its low energy characteristics.
D. PCB Design
The schematic of the system was designed using Kicad.
In order for the PCB to be printed the PDF files of both
the top and bottom layer were generated as shown in Fig.
6 on the left of the figure (a) represents the top layer and (b)
represents the bottom layer. Even though the sensor designed
was a prototype, a 3D cover for the sensor was designed for
presentation purposes. The method of powering the sensor was
not the focus and therefore 4 AAA rechargeable batteries were
used.
Fig. 6: PDF of top and and bottom layer to be printed
E. Game Engine
Unity3D was selected to design and create the game due
to the multiple tutorials and its accompanying disscussion
forums which form a supportive environment. Moreover, the
fact that Unity3D allows for the game to be deployed in
numerous platforms serves as an extremely suitable feature
that can be utilized. Initially Phaser with a Node.js back
end was investigated, but the addition of .NET capabilities
that Unity3D offered made the development of the Bluetooth
communication significantly easier. Moreover, the main reason
for choosing Unity3D is the fact that it has an editor to work in
that keeps all the scripts and designs in an organized manner.
F. Game Design
The game that was created is not complex to understand,
however the movements that are encouraged to be conducted
are essential and beneficial to help improving children with
difficulty crossing the midline. The movements a child would
have to practise in a boring manner by moving objects from
side to side on a table, was transferred to a more exciting
platform. The flow and the basic rules behind the game that
was designed is shown in Fig. 7 below, where
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• x is the amount of faces to be collected, and











Fig. 7: The basic flow of the intended game design
The game was setup as illustrated in Fig. 8. The sprite is
displayed as the yellow smiley face in the center. Faces with
different colours shall appear to be falling from the sky. The
child will have to move the sensor from side to side and collide
with the correct colour that is required to be collected, in this
case “collect 3 orange faces”. If the correct colour is touched
by the sprite a point will be added to the score and if the
incorrect colour is touched by the sprite then a point will
be taken away from the score. At the moment the game was
designed to have one level just incorporating colours, however
multiple levels can be added incorporating numbers and even
maths sums. For example in the center instead of a random
colour being needed to be collected such as “collect 3 orange
faces”, a simple equation like “5+5=” can be displayed and
instead of the colours being spawned and falling from the sky,
different numbers including the correct value being “10” can
be spawned. The child would then have to collide with the
number “10” to gain the point.
Fig. 8: The basic setup of game that was designed in Unity3D
At the beginning of the game the child with the help of
a guardian will have to choose their dominant hand. Based
on the hand they choose they will have to hold the sensor in
a specific manner. If they are right handed they will hold the
sensor as shown in Fig. 9 and if they are left handed as in Fig.
10. It should be highlighted here that videos are played in the
game demonstrating the manner in which the sensor should
be held to ensure that the process is simple for the child and
guardian to understand. This already ensures that the child in
fact crosses the midline at the start of the game.
G. Method of Obtaining Position Using Magnetometer
The process and method of how the magnetometer achieves
the position shall be shown and explained. A calibration
process is required once at the beginning of each game to
record the starting position of the sensor in terms of the x,y
and z points of the magnetometer, and save these coordinates
Fig. 9: Right handed stance (When facing screen)
Fig. 10: Left handed stance (When facing screen)
as the reference. An initial calibration is sufficient enough
because the movement translates linearly to the game. Let
the public variable Update Mag represent the position of the
magnetometer at any given moment. During the calibration of
the reference position four Update Mag vectors are averaged
to obtain the starting position. This coordinate is then set as
the public variable Reference Mag. When the sensor is then
moved the vector Update Mag will continuously be updated
to the new position while the Reference Mag will remain the
same. In order to then determine how much the sensor moved
the Reference Mag vector will be subtracted from the Update
Mag. The result of the subtraction is then set as the Resultant
Mag. Fig. 11 is used to comprehend the x-axis respective to
the game.
Fig. 11: x-axis imposed on game to graphically show points
Once the Resultant Mag vector is acquired the following
mathematical conversion takes place to determine the position
of the sprite in the game. The length of the x-axis is 15 units
(-7.5 to 7.5), and assuming the child is right handed the sprites
original position is -7.5. Let the coordinates of the Resultant
Mag vector be (x,y,z) and therefore when the magnitude of
the Resultant Mag is used then:
Position of Sprite =
√
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For example, if the values of the sensor when the right hand
stance is used: Once the Resultant Mag is obtained where the
x,y and z values are -0.520, -0.255 and 0.980 respectively the
position of the sprite can be obtained.
Position of Sprite =
√
(−0.520)2 + (−0.255)2 + (0.980)2 × 15
360
− 7.5 = −7.45 (2)
IV. MAIN FINDINGS
Through the undertaking of this project, several discoveries
were made after demonstrating the game to occupational
therapists and interviewing them. The main findings shall
be highlighted and briefly discussed here. It was posited
in the introduction to this project that virtual reality offers
the ability to ‘remove’ a child from physical distractions
by offering them a ‘virtual space’ within which to work.
Despite the game not being directly tested on children due to
ethical constraints, the feedback that the several occupational
therapists provided advocate the use of this game for children
struggling with crossing the midline. It was aforementioned
that the interactive game would create a less boring and more
stimulating treatment process allowing the child to have more
fun than the conventional methods of treatment for crossing
the midline. Therefore, with the development of an interactive
game (achieved through virtual reality), the child should be
able to develop the required pathways to conduct movements
that once did not seem comfortable or possible.
Regarding the device used to determine the position of the
child’s arm, it will be concluded as follows that once the
HMC5883L magnetometer was calibrated to compensate for
both hard and soft iron distortions, the magnetometer yielded
successful results in the ability to simulate and control the
movement of the arm from side to side. Fig. 12 shows how
the degrees moved with the sensor is transformed into the
axis of the game shown in Fig. 11.
Fig. 12: Position with respect to the game as sensor is moved
What is unique about this project is the successful design
of a device that can accurately simulate and control the
movement of the child in the process of treating their gross
and fine motor difficulties. In addition, one of the invaluable
aspects this project triggers is the cost factor. Even though
there are other products available to simulate and control
the movement, there is not a product that can exhibit these
requirements when compared to the low cost needed to
produce the design of the device and concept created in this
project. With that being said children can be treated using
an interactive game that requires a device that is much more
affordable relative to other devices which offer the same type
of benefits. The interactive game with the accompanying
device can find its way to communities that are less fortunate.
Additionally, children in the rural areas of South Africa have
to travel far distances to occupational therapists in the city
(providing they can afford it) in order to be treated. With
the concept developed in this project the families could save
money as the child would not need to go to an occupational
therapist every week but can be treated in their own homes
with their guardian by using the game.
In the interviews the occupational therapists concluded
through the integration of technology, innovation and creativity
that the method of using an interactive game to treat children
would serve as a beneficial method of mitigating the problem
of crossing the midline. As the movements conducted by the
child through playing the game will develop the required
pathways in their brains. It was further discovered that the
manner in which the faces fall from the sky is extremely
important. Prior to consultations with occupational therapists
the faces were just spawned randomly, however it was es-
tablished that the placement of the faces when strategically
placed, yield better results. Fig. 13 illustrates that the way the
faces are placed force the child to cross the midline, starting
with controlled small distances between the collisions allowing
the child to be comfortable and then increasing the distance
between the collisions.
Fig. 13: Strategically placed faces to ensure midline is crossed
Lastly, in rural areas often children are not even afforded
the opportunity for treatment or are even aware of the
difficulties they are inflicted with. Therefore, the game and
many more similar games can be placed at central locations
such as créches that the children can be exposed to and be
A12: Interactive Game for Children with
Difficulty Crossing the Midline
xlii Jonathan Jacobs
given an equal opportunity to improve their skills. In the rural
areas very often childrens’ difficulties and limitations are not
recognized due to the lack of proper expertise, this concept
produced in this project provides the opportunity for children
to explore the game regardless whether their difficulties have
been revealed. To clarify, if the interactive game and the
device was placed in a créche and all the children had a
chance to play the game, the children with difficulty crossing
the midline would incidentally be treated and those that do
not have the difficulty would just have fun playing the game.
The most fundamental outcome from this project is the
platform that this project has initiated. When visiting the Con
Amore school for learners with severe intellectual disabilities
and specific learning requirements in Kempton Park Johan-
nesburg, discussions involving the prospect of implementing
the same concept of treating fine and gross motor difficulties
through an interactive game (achieved through virtual reality)
was investigated. The possibility of affordable innovative
methods of treatment was received favourably. The game
design, accompanying scripts and hardware produced, provide
a sustainable platform to easily change the art work or game
play to suit the requirements of the occupational therapist.
V. CONCLUSION
The primary objective of this project was to design, pro-
gram and develop an interactive game that is able to as-
sist occupational therapists when treating a child that has
difficulty crossing the midline. The requirements were all
achieved through implementation and successful testing of
the product. Fig. 14 depicts the wireless sensor’s circuit that
was designed on the PCB, the 3D printed cover that was
designed and the completed game. The method of powering
the device, enclosure of the sensor and the graphics of the
game can be improved in future work. The following link
https://youtu.be/eGvZbvbGoPY shows a video of the sensor
working wirelessly to control the sprite in the game.
Fig. 14: Sensor, cover and completed game
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Abstract—Bilateral integration, the ability to utilize both sides
of one’s body simultaneously and particularly crossing the
midline are skills that are crucial for a child to develop by
the age of 5 years old. When children have difficulty with
crossing the midline, they will be unable to perform effectively.
Crossing the midline allows for the advancement of various motor
and cognitive skills as pathways in the brain are developed.
This paper focuses on an assistive input device used with an
interactive game aiming to target those children that have
difficulty with crossing the midline. Previously a device was
designed to accompany the game, however many complexities
were encountered. Guidance from occupational therapists was
sought during the development of the interactive game and
the device. Using a linear potentiometer provided an innovative
approach to simulate the movement of the child solving for many
of the issues experienced in the design of the assistive device.
Playing of the game stimulates the required pathways to create
movements that were difficult or previously uncomfortable and
avoided by the child. The challenges faced in the design of the
assistive design will be thoroughly investigated and the ultimate
working solution shall be presented.
Index Terms—Assitive device, game design and development,
serious games, motion sensors, Occupational Therapy Interven-
tion
I. INTRODUCTION AND PROBLEM STATEMENT
Occupational therapy provides targeted activities to treat
or assist clients with physiological, psychological, and/or
social impairment [1]. Occupational therapy enables clients to
obtain independence in life and prevent physical deformities.
This therapy has strong ties to the field of engineering as
advances in technology allow for the constant innovation
of interventions for clients. The advancement of technology
has allowed for the development of more specific diagnostic
techniques detailing the deficits clients experience as well as
new innovative methods in treating clients [2]. Technology is
described as the “science or study of the practical or industrial
arts,” it can also be explained as “a method or process for
handling a specific problem” [3]. Assistive technology refers
to a broad range of devices, services, strategies, and practices
that are designed and applied to improve the problems of
people with disabilities or difficulties [3]. Former Minister
of Health in South Africa, Dr. Manto Tshabalala-Msimang,
specifies that assistive technology should include those that
”promote the independence,” of a person [4]. She further
mentions that it should contribute, facilitate and improve the
quality of life for people in society allowing them to function
independently [4].
Whilst the definition encompasses many important details
the most vital point for assistive devices is that they improve
functional capabilities of individuals. In the therapy process,
occupational therapists use evaluation methods like activity
analysis. Activity analysis is the therapists’ ability to select
an appropriate and meaningful therapeutic activity for a
client in context [5]. They consider the tools and skills
needed to meet their occupational demands and whether the
abilities of the client is suitable. Therefore, providing assistive
technology devices and services is an important element
of occupational therapy intervention to support individuals,
improve their performance, and increase their participation
in their activities [6]. The use of technologies such as smart
phones, social networks and internet applications is not only
changing the way we communicate, but is also providing
innovative ways for us to monitor our health and well-being
and giving us greater access to information. Clients can use
digital wearable health devices to better manage and track
their health and wellness related activities [7]. Together
these advancements are leading to a convergence of people,
information, technology and connectivity to improve health
care and health outcomes. As biometrics become easier and
less expensive to track, the opportunity rises to use health
data to increase the robustness and objective nature of the
measures by which clients’ improvements are tracked through
these interventions.
With the fact that an interactive game accompanied
by an input device is more stimulating than conventional
methods of treatment, prospects for recovering through play
is established and is deemed to be enjoyable specifically for
young children [8]. The environment and manner in which
the child would be treated is believed to enhance the child’s
motivation and attitude towards recovery [8]. Furthermore,
the child’s eagerness to play resulting in learning new
movements is sustained for longer time periods. Most
importantly, the child’s control over the movement being
conducted is more disciplined as their concentration lasts
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longer [8]. These aspects mentioned are vital for improved
rehabilitation outcomes, improving the child’s self-discipline
and self-confidence. In addition, this specifically aids in
enabling the brain’s ability to develop new pathways, known
as neuroplasticity. Neuroplasticity refers to structural and
functional changes in the brain that are developed by training
and experience. The brain is an organ that is designed to
change in response to experience [9]. It is further known
that plasticity is at its maximum in the first seven years of a
child’s life [10].
The midline refers to an “imaginary” vertical line extending
from ones head to ones toes that separates the body into a left
side and a right side. Crossing of the midline occurs when
either the hand/arm or foot/leg of one side spontaneously
crosses over to the opposite side of the body to perform a task.
A child who has difficulty crossing the midline can physically
perform actions that cross the centre of the body however
they do not intuitively cross the midline when challenged
with a task that requires this movement. This means that
when a child who has difficulty crossing the midline tries to
perform actions such as crossing legs, scratching an elbow,
reading or writing from left to right, the child is unable to
perform the action in the optimal manner. For the purpose of
this paper, serious games are described among other things
as digital games, virtual environments, simulations and mixed
reality which engage the player via narrative gameplay.
These serious games form encounters and experiences which
convey meaning [11]. In a paper titled “Interactive Game for
Children with Difficulty Crossing the Midline” an interactive
serious game was designed accompanied by a low cost sensor
incorparating an accelerometer, gyroscope and magnetometer
[12]. This paper aims to suggest a device that solves for some
of the obstacles encountered when using the proposed device.
The focus of this paper is to provide an improved solution to
the device designed however, the interactive game that was
created for therapy will not be discussed in as much detail.
The device provides movements that have been extensively
researched to improve midline crossing. While playing the
game, movements performed will expectantly formulate the
required paths in the child’s brain to enable them to not only
spontaneously perform an action when crossing the midline
but understand and realise that the midline can be crossed at
any given moment.
II. BACKGROUND
A. Traditional methods of treating children with difficulty
crossing the midline
Today, occupational therapists will use arts and crafts in
which actions such as threading beads, cutting, pasting and
folding paper are used as these actions require the midline
to be crossed. Finger puppets or stickers are also used by
placing or sticking the puppets or stickers on one of the
child’s hands and then encouraging the child to remove the
puppet or sticker with the opposite hand. Building blocks,
playing twister and marching games using their arms and
legs are also more common methods used by therapists.
Often when children have difficulty with midline crossing,
they have trouble visually tracking an object from the left
to the right. Thus when the object reaches the midline, they
often blink and have to re-focus and this results in them
losing their place while reading. In addition, when drawing
horizontal and diagonal lines as well as writing letters such
as an ‘x’ they may segment these lines rather than overlap
them due to midline crossing difficulties. Frustration in the
behaviour of the child will be noticeable as the child will
become angry when trying to engage in fine motor activities
due to less refined hand skills. The coordination of both
sides of the body will be less refined, leading to difficulties
experienced when playing sport or doing any physical activity.
Additionally, when reading, the child will encounter distress
when their eyes are trying to cross from left to right [13].
Crossing the midline is a treatable affliction, if a child
struggles to cross the body’s midline and is treated, milestones
such as developing a dominant hand will occur. Pencil skills
and fine motor tasks will be refined easing the transition into
an academic environment where those skills are expected to
be grasped. The child will be able to complete self care tasks
for example brushing their teeth and getting dressed. The
child will be able to kick and hit balls as well as run because
their gross and fine motor skills will be improved. Lastly,
their ability to visually track across a page effectively will be
better and therefore result in fluent reading.
B. Modification to conventional methods of treatment
The rehabilitation process exploits the concept of brain
plasticity, the skill to regain function by developing neural
pathways generated in response to multiple repetitions and
retraining [14]. One major obstacle when treating children
in the conventional sense is that of boredom, because of the
intensive practice required. The advantages of incorporating
assistive technology and the use of serious games into
treatment methods is that it combats the boredom factor. The
child is placed into the game environment that is similar to the
real world in terms of the perceptual stimuli it exhibits which
then puts the child at ease [14]. The child then has the ability
to manipulate and control some of the stimuli and see in real
time the outcome of the effect of the actions and adjust them
accordingly. This aspect, being the interactive component
creates an engagement with the environment allowing the
child to feel and be in control of their movement. This idea
is explained as “the perceptual illusion of nonmediation”
[15]. The sensations that are familiar and that are present
when playing the game and the ability for the child to control
and manipulate the stimuli that surrounds them, generates
the psychological effects of enjoyment and particularly
involvement [15]. Moreover, the mere fact that the child
is able to observe their own manipulation in the actions
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performed in real time, makes serious games accompanied by
assistive technology a superb tool for training and treatment
purposes. The unique merging of purpose and pleasure
develops intrinsic motivation in the child.
The most commonly used input systems used for treatment
are based on commercially available controllers that have been
re-purposed for the treatment context. The most commonly
used are the Nintendos’s Wii Fit, Microsoft’s Xbox 360
Kinect and Intel’s RealSense. The Nintendos’s Wii Fit and
Microsoft’s Xbox 360 Kinect shall be discussed. The Wii Fit
combines both fitness and fun in a product that is available
for purchase. The Wii Fit was created to encourage people
to exercise as well as improve balance. It was shown in [16]
that using the Wii Fit lead to improvements in balance and
self confidence in physical therapy patients [16]. Further
conclusions were made that the Wii is acceptable as an
adjunct to virtual rehabilitation intervention and provides an
exciting new therapy device [16]. In addition, as mentioned
before, the main purpose of the Wii Fit is to promote exercise
and improve balance, it however does not provide a platform
in which more specific inabilities such as difficulty crossing
the midline can be treated or trained. Furthermore, if one
wanted to use the Wii Fit for treatment or training purposes
one would need to purchase not only the balance board
but the console and remote too, resulting in an expensive
endeavour.
Microsoft has developed a sensor called the Kinect. The
Kinect looks like a webcam that is connected to the Xbox.
Microsoft’s initial intention for developing this sensor was
for an enhanced gaming experience for users in video
games. However, the scientific community have become quite
attracted and very attentive to the device, particularly those
in the biomedical engineering field. The Kinect provides real
time identification of the spatial locations of the human body
and therefore is suitable to study the human body’s gestures
and movement [17]. The Wroclaw University of Science and
Technology in Poland conducted a study on the Microsoft
Kinect as a tool to support training in professional sports
[17]. They have presented an orignal training system that
utilizes the Microsoft Kinect with the purpose to strengthen
and enhance the quality of training in professional sports
[17]. Even though this is a unique and innovative approach
there were limitations that were encountered for example
body parts that are in optical shade could not be sensed
correctly by the Kinect [17]. Even though the kinect allows
for therapists to treat children and is definitely a beneficial
approach as opposed to conventional methods it has been
found that when children are holding something they feel
more in control and thus more involved. Similarly to the Wii
Fit, in order to make use of the Kinect, an Xbox One is
required and therefore increasing the cost of the device as a
solution to treat and train children with gross or fine motor
difficulties [18].
The research into the systems that are beginning to be
implemented to develop fine and gross motor, cognitive and
communication abilities indicated an evident need for a low
cost system that can be used to assist children with difficulty
crossing the midline. This low cost system will enable South
Africans in the rural areas to afford treatment.
C. Overview of Previous Game
The interactive game that was developed in [12] consisted of
a sprite controlled by the child. The sprite is the terminology
used to describe an avatar, shape or character that the child has
control over. The device is attached to the hand of the child, the
child moves the device in an arc shape with their arm extended
in front of them while standing. The aim of the game was to
collect the faces falling at calculated position from the sky.
The movements in the game ensured that the child crosses the
midline. The device contained a MPU-6050(accelerometer and
gyroscope) and an HMC5883L(magnetometer) to simulate the
movement of the child.
III. COMPLEXITIES WITH DEVICE
1) Complexities using the MPU-6050: Despite being able
to access the acceleration values from the MPU-6050, the
process of using the acceleration to determine the position
was not a simple task. Various filtering methods such as a low
pass filter or moving average were applied to the MPU-6050
data. The problem was not that the data was not smooth but
more that the sensor values received from the MPU-6050
were not moving in the same axis as reference to that of the
hand. To clarify, the MPU-6050 uses gravity (downwards) as
a reference where as the hand movement’s reference needs
to be side to side. For example consider a cube in Unity3D
illustrating the change of reference when the cube is rotated,
if the y-axis pointing upwards in Position 1 Fig. 1 is the
reference plane, when the cube is rotated as in Position 2
Fig. 1 the reference plane is then pointing down and thus has
changed.
Fig. 1: Change of reference when rotated
2) Complexities using the HMC5883L: When the
HMC5883L was implemented extensive research was
conducted on how to determine the most accurate data.
It was discovered that measurement of magnetic field is
subjected to distortion [19]. It was further identified that
there are two categories of these distortions: the hard iron
distortions and the soft iron distortions. The hard iron errors
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refer to the presence of magnetic fields around the sensor
for example: magnets, power supplies and wires. These hard
iron objects are related to measurement offset errors, while
the soft iron errors refer to the presence of ferromagnetic
materials around the sensor, which skew the density of
the earth’s magnetic field locally and are related to scaling
offset errors. In other words, one of the ways to get the
correct magnetometer data is to account for the both soft
and hard errors by obtaining the calibrated magnetometer data.
A magnetometer sensor model was computed to estimate the
error, based on the error, the data was adjusted accordingly.
Fig. 2 shows a circle around the x-axis of the uncalibrated
data when the magnetometer is turned around 360◦. It can be
noticed that the circle is not centred around the x-axis, this is
due to the effect of the hard iron distortions. It can be further
noticed that the so called uncalibrated circle’s circumference
in Fig. 2 is not that smooth and round, this is because of the
soft iron distortions.
Fig. 2: “Circles” around x-axis uncalibrated and calibrated
Lastly, Fig. 2 shows the calibrated data around the X-
axis when the magnetometer is turned around 360◦ with
the resultant matrix incorporated from the sensor model.
The improvement and impact the calibrated data has in
terms of the centring of the circle and the smoothness of
the circumference of the circle is clearly observed when
comparing the uncalibrated data to the calibrated data.
At the beginning of the game the child with the help of a
guardian would have to choose their dominant hand. Based
on the hand they choose they would have to hold the sensor
in a specific manner. If they were right or left handed they
will hold the sensor as shown in Fig. 3. Videos were played
in the game demonstrating the manner in which the sensor
should be held to ensure that the process is simple for the
child and guardian to understand.
The process and method of how the magnetometer achieved
the position shall be shown and explained. For the purpose
of this explanation it will be assumed that the child is
right handed. A calibration process was required once at the
beginning of each game to record the starting position of
the sensor. During the calibration of the reference position
four vectors were averaged to obtain the starting position.
Fig. 3: Right and Left handed stance
The heading recorded at the starting position (reference) is
set as 0◦ corresponding to -7.5 on the X-Axis in Fig. 4.
As the sensor moves in an arc shape the heading would
seemingly shift. The difference between the heading of the
magnetometer and the reference value taken from calibration
is the calculatedHeading which would then be used below in
eq. (1) to calculate the respective position within the game
environment.




Fig. 4: Position on X-Axis in Game
Fig. 5 shows how when the sensor is moved in the shape
of an arc, how the respective angles map to the positions on
the X-Axis in the game environment. The solution seemed
viable if the sensor was used in the ideal manner, whereby the
sensor was moved in an arc shape without tilting the sensor,
the required results were achieved. Fig. 6 shows the position
on X-Axis if moved in the correct way. Fig. 7 represents the
position in the game of the sprite when the hand is held straight
in front of the body (90◦) without tilting the sensor. Using eq.
(1) above the following can be calculated:
Position of Sprite =
88.16× 15
180
− 7.5 = −0.15 (2)
The calculatedHeading that results in eq. (2) provides an
expected value as it is extremely close to the actual value
being 0. Measurements were taken in 50ms intervals. The
values shown in Fig. 7 and Fig. 8 are just one example value
recorded.
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Fig. 5: Position on X-Axis corresponding to the angle in the
arc
With the fact that this assistive device is designed for a child
it is expected that their movements will not be slow and gentle
but rather quick and rough, these movements would effect the
readings. Fig. 8 shows how when the hand is tilted as little as
10◦ the respective position of the sprite on the X-Axis changes.
The affect of tilting the sensor has on the position provides
undesirable results.
Position of Sprite =
55.16× 15
180
− 7.5 = −2.90 (3)
When the sensor is held in front of the body but the sensor
is tilted the calculatedHeading is incorrectly determined as
shown in eq. (3). When the sensor is tilted the reference
in 3D space is changed. Experiments were conducted to
depict to what extent tilting the sensor impacts the required
output. Fig. 9 shows how tilting the sensor from 10◦ to 140◦
alters the required position. The position of the sprite on the
X-Axis should not change when the sensor is tilted only if
the direction in which the sensor is pointing should the sprite
move along the X-Axis. Fig. 9 clearly shows the limitation
of using the heading of the HMC5883L to determine the
position of the sprite on the X-Axis. As the sensor is tilted
from the reference position in 10◦ increments the position of
the sprite along the X-Axis changes so much so that even if
the sensor is pointing in the same direction but it is tilted you
could move the sprite along the X-Axis without changing
the direction in which the sensor is pointing. The game will
show that the child is crossing the midline, without it actually
happening. This issue would not suffice for use by children.
IV. INNOVATIVE SOLUTION- LINEAR POTENTIOMETER
In addition to accurately transforming the movement,
a device is required that would not require calibrating
the sensor. When discussions were held with occupational
therapists during the design phase it was suggested to design
an assistive device that would be able to be placed on a
surface. The idea behind this was to allow the child to move
their hand from side to side and exhibit the same motion
required when performing tasks that cross the midline such
as writing. Through extensive research into what sensors or
electrical devices could be used a clean innovative solution
was reached. The design entailed the addition of a linear
potentiometer. Fig. 10 depicts a high level design of the
process to be followed. A sensor is attached to a device,
the child moves the slider on the device from side to side.
The movement is then processed and transmitted to the
computer via Bluetooth. The data is then used to move the
character on the screen. The code developed for the ATMEGA
microcontroller consists of two main sections, namely the
PC-ATMEGA interface and the wireless Sensor-ATMEGA
interface. The wiring of the system as well as the design of
the PCB and device were initially based on an arduino Uno
shield and eventually moved to a custom designed single
board. Mobile phone use at the moment is ubiquitous even in
poorer communities in South Africa. This means the fact that
a laptop is used for testing is not of relevance as Bluetooth
will allow connection to mobile phones, therefore people
would not have to buy an additional platform like they would
have to for the Xbox or Wii platforms [20].
A. Microcontroller
In previous work a decision was taken to use the
ATmega328P-PU microcontroller found in the Arduino UNO
by creating a circuit that incorporates the ATmega328P-PU.
This was done for convenience as the Arduino comes pre-
loaded with a bootloader allowing serial programming. When
the circuit was re-designed the ATmega328P-AU was used,
an AVRASP was used for programming the microcontroller
allowing for more Flash memory space than using the Serial
bootloader. By default an Arduino Board uses a Bootloader to
program itself without the use of any external programmer
hardware but for this to happen it uses 2Kbyte of Flash
Memory for the Bootloader [21]. By using the USBasp the
extra 2kb can be used for Firmware, and the program will start
execution without any delay that the Bootloader introduces.
Furthermore the size of the ATmega328P-AU chip is a lot
smaller than the ATmega328-PU. The board is dual purpose
and work will continue with the 3d motion capture. The board
was designed that either the motion sensors or the linear
potentiometer could be used. The device selected to provide
the wireless communication was the Bluetooth module HC-
06. The device was chosen specifically for its low energy
characteristics. The linear potentiometer used was Spectra’s
500mm SoftPot.
B. PCB Design
The schematic of the system was designed using Kicad. In
the previous design 4 AAA batteries were used to power the
device [12]. A 3.7V lithium battery was selected for the new
design and therefore a boost converter was needed to deliver
the required power. A TPS61090 was chosen to boost the 3.7V
to the required 5V. In order to program the board directly pins
for the AVR-ISP were assigned. A charging circuit was also
incorporated into the design of the PCB Fig. 11 shows the
new PCB design.
A13: Input Device to Assist occupational
Therapists Treat Children with Difficulty
Crossing the Midline
xlviii Jonathan Jacobs
Fig. 6: Position on X-Axis corresponding to the degrees moved when the sensor is moved in the ideal way
Fig. 7: Hand holding HMC5883L in the middle ’straight’
Fig. 8: Hand holding HMC5883L in the middle ’tilted’
C. SoftPot Linear Potentiometer
The SoftPot membrane is simply a potentiometer with a
resistive element. The SoftPot comprises of a conductive
resistor, a sealed encasement and a simple wiper assembly.
The SoftPot is made up of a three-wire system with two
resistive output channels and an electrical collector channel,
these layers can be seen in Fig. 12.
The SoftPot produces the desired electrical output by press-
ing the wiper down onto the top circuit Fig. 12. The “wiper”
is a non-conductive mechanism that depresses the top circuit
actuating the potentiometer from the outside of the element.
The top and bottom circuits are separated by 0.15mm (0.006”)
of spacer adhesive build-up and contact between the circuit
occurs by pressure (usually 1-3 Newtons) from the wiper on
the top circuit, pushing down until the top circuit connects
with the bottom circuit to create a resistor divider. The
construction of the wiper design can adapt to any application
because most materials can serve as the wiper: plastics, metals,
sliders, rollers, wheels, etc. The wiper application serves as a
beneficial feature in terms of designing the enclosure for the
sensor because when designing the slider, the material used is
vital to provide a smooth sliding motion. The output of the
SoftPot provides the resistance corresponding to the pressure
and position of the wiper (contact). The SoftPot presents a
favourable output as the resistance changes linearly. Thus for
the objective of the assistive device to track linear motion, the
SoftPot exhibits favourable results.
V. MAIN FINDINGS
Even though using a magnetometer yielded more favourable
results than the accelerometer the solution was not fully
sound. Not only did the tilting issues effect the design,
but before every game a calibration was required to obtain
the reference of the sensor. It did not seem to be the most
suitable solution for therapists to expect the child to perform
the calibration each time they wanted to play the game above
ensuring that they do not tilt the sensor. Therefore, a design
was needed that would be able to track the movement of
the hand from side to side (crossing the bodies midline) and
transform the position into the game.
The addition of the SoftPot linear potentiometer did not
require calibration as the output of the softPot changes
linearly. The fact that the device proposed in this paper is
not subjected to any specific environment or any strange
movement serves as a desirable feature. The slider of the
device guides the child to move in the necessary direction
while ensuring that the midline is crossed. The nature of
the device was designed with ease of movement in mind,
this enables the child to play the game without focussing
on the fact that they are crossing the midline. As the child
continues the therapy through the game, the required paths
will formulate in the child’s brain to enable them to not only
spontaneously perform an action when crossing the midline
but understand and realise that the midline can be crossed at
any given moment. Fig. 13 shows the expected output from
the device, the values received from the device are correctly
mapped to the respective positions on the X-Axis. Moreover,
the previous device allowed the child to move the sensor in
an arc shape freely permitting the child to move their body
around and tilt the sensor . The assistive device designed
provides guidance using the slider ensuring that the child can
only move from side to side.
What is unique about this project is the successful design
of a device that can accurately simulate and control the
movement of the child in the process of treating their gross
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Fig. 9: Graph showing how tilting the sensor effects the position on the X-Axis
Fig. 10: High level design of sensor communicating with the gaming engine
Fig. 11: Printed PCB of new design
Fig. 12: Three wire system of the SoftPot and electrical output
and fine motor difficulties. In addition, one of the invaluable
aspects this project addresses is the cost factor. Even though
there are other products available to simulate and control
the movement, there is not a product that can exhibit these
requirements when compared to the low cost needed to
produce the design of the device and concept created in
this project. The interactive game with the accompanying
device can find its way to communities that are less fortunate.
Additionally, children in the rural areas of South Africa have
to travel far distances to occupational therapists in the city
(providing they can afford it) in order to be treated. With
the concept developed in this project the families could save
money as the child would not need to go to an occupational
therapist every week but can be treated in their own homes
with their guardian by using the game.
VI. CONCLUSION
The primary objective was to propose a low cost solution,
encompassing an input device to be used with an interactive
game that is able to assist occupational therapists, when
treating a child that has difficulty crossing the midline. The
requirements were all achieved through implementation and
successful testing of the product. Fig. 14 depicts the assistive
device with the wireless sensor’s circuit and linear potentiome-
ter that was designed and developed.
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Fig. 13: Expected output from device using softPot
Fig. 14: Completed sensor with assistive device
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1. Product’s picture   
 
Figure 1 A Bluetooth module 
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Figure 2. A Bluetooth module size 
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2. Feature 
 Wireless transceiver 
  Sensitivity (Bit error rate) can reach -80dBm.  
  The change range of output’s power:  -4 - +6dBm.  
 Function description (perfect Bluetooth solution) 
 Has an EDR module; and the change range of modulation depth: 2Mbps - 3Mbps. 
 Has a build-in 2.4GHz antenna; user needn’t test antenna. 
 Has the external 8Mbit FLASH 
 Can work at the low voltage (3.1V~4.2V). The current in pairing is in the range of 30～40mA. 
The current in communication is 8mA.  
 Standard HCI Port (UART or USB) 
 USB Protocol: Full Speed USB1.1, Compliant With 2.0 
 This module can be used in the SMD. 
 It’s made through RoHS process. 
 The board PIN is half hole size. 
 Has a 2.4GHz digital wireless transceiver. 
 Bases at CSR BC04 Bluetooth technology.  
 Has the function of adaptive frequency hopping. 
 Small (27mm×13mm×2mm) 
 Peripherals circuit is simple.  
 It’s at the Bluetooth class 2 power level. 
 Storage temperature range: -40 ℃ - 85℃，work temperature range: -25 ℃ - +75℃ 
 Any wave inter Interference: 2.4MHz，the power of emitting: 3 dBm. 
 Bit error rate: 0. Only the signal decays at the transmission link, bit error may be produced. For 
example, when RS232 or TTL is being processed, some signals may decay.  
 
 Low power consumption 
 Has high-performance wireless transceiver system 
 Low Cost 
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 Application fields:  
 Bluetooth Car Handsfree Device 
 Bluetooth GPS 
 Bluetooth PCMCIA , USB Dongle 




3．PINs description    
 
Figure 3 PIN configuration 
The PINs at this block diagram is as same as the physical one.  
PIN Name PIN # Pad type Description Note 
GND 13 21 22 VSS Ground pot  
1V8 14 VDD 
Integrated  1.8V (+) supply with 
On-chip linear regulator output 
within 1.7-1.9V 
 
VCC 12 3.3V   
AIO0 9 Bi-Directional Programmable input/output line  
AIO1 10 Bi-Directional Programmable input/output line  
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Programmable input/output line, 





Programmable input/output line, 
control output for PA(if fitted) 
 
PIO2 25 Bi-Directional Programmable input/output line  
PIO3 26 Bi-Directional Programmable input/output line  
PIO4 27 Bi-Directional Programmable input/output line  
PIO5 28 Bi-Directional Programmable input/output line  
PIO6 29 Bi-Directional Programmable input/output line CLK_REQ 
PIO7 30 Bi-Directional Programmable input/output line CLK_OUT 
PIO8 31 Bi-Directional Programmable input/output line  
PIO9 32 Bi-Directional Programmable input/output line  
PIO10 33 Bi-Directional Programmable input/output line  
PIO11 34 Bi-Directional Programmable input/output line  
RESETB 11 






tri-stable with weak 
internal pull-up 
UART request to send, active low  
UART_CTS 3 
CMOS input with 
weak internal 
pull-down 
UART clear to send, active low  
UART_RX 2 
CMOS input with 
weak internal 
pull-down 






UART Data output  
SPI_MOSI 17 
CMOS input with 
weak internal 
pull-down 
Serial peripheral interface data input  
SPI_CSB 16 
CMOS input with 
weak internal 
Chip select for serial peripheral 
interface, active low 
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pull-up 
SPI_CLK 19 
CMOS input with 
weak internal 
pull-down 
Serial peripheral interface clock  
SPI_MISO 18 
CMOS input with 
weak internal 
pull-down 
Serial peripheral interface data 
Output 
 
USB_- 15 Bi-Directional   
USB_+ 20 Bi-Directional   




r supply.  
PCM_CLK 5 Bi-Directional   
PCM_OUT 6 CMOS output   
PCM_IN 7 CMOS Input   
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4. The parameters and mode of product 
 
If you want more information, please visit www.wavesen.com. 
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5. Block diagram 
 
Figure 5 Block diagram 1 
 
Figure 5 Block diagram 2 
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HC-04/06 master device has a function of remembering the last paired slave device. As a master 
device, it will search the last paired salve device until the connection is built. But if the WAKEUP 
bottom is pressed, HC-04/06 will lose the memory and research the new slave device.  
 
6. Debugging device 
6.1 Device 
PC, hardware, 3G，3G Frequency Counter (SP3386), 3.15V DC power supply, Shielding，Bluetooth 
Test box. 
6.2 Software       
 
7. Characteristic of test 
Test Condition 25℃ RH 65%  
            Min Typ Max Unit 
1. Carrier Freq.  ( ISM Band )      2.4    2.4835 MHz 
2.  RF O/P Power         -6    2  4  dBm 
3. Step size of Power control      2    8     dB 
4.  Freq. Offset ( Typical Carrier freq.)    -75    75  KHz 
5. Carrier Freq. drift ( Hopping on, drift rate/50uS )  -20    20  KHz 
 1 slot packet          -25    25  KHz 
 3 slot packet         -40    -40  KHz 
6.  Average Freq. Deviations ( Hopping off, modulation ) 140    175  KHz 
 Freq. Deviation        115      KHz 
Ratio of Freq. Deviation            0.8 
7 . Receive Sensitivity @< 0.1% BER( Bit error rate   )-83      dBm 
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9．AT command set 
The way to the AT command mode: supply power to the module, it will enter to the AT mode if it 
needn’t pair. The interval of command is about 1 second.  
Default parameter: Baud rate:9600N81, ID: linvor, Password:1234 
1. Test communication 
Send: AT (please send it every second) 
Back: OK 
 


















PC can’t support the baud rate lager than 115200. The solution is: make the MCU have higher baud 
rate (lager than 115200) through programming, and reset the baud rate to low level through the AT 
command.  
The baud rate reset by the AT command can be kept for the next time even though the power is cut 
off. 
 
3. Reset the Bluetooth name 
Send: AT+NAMEname 
Back: OKname 
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    Now, the Bluetooth name is reset to be “bill_gates” 
The parameter can be kept even though the power is cut off. User can see the new Bluetooth name 
in PDA refresh service. (Note: The name is limited in 20 characters.) 
 
4. change the Bluetooth pair password 
Send: AT+PINxxxx 
Back:OKsetpin 
Parameter xxxx: The pair password needed to be set, is a 4-bits number. This command can be used 
in the master and slave module. At some occasions, the master module may be asked to enter the 
password when the master module tries to connect the slave module (adapter or cell-phone). Only if the 
password is entered, the successful connection can be built. At the other occasions, the pair can be finish 
automatically if the master module can search the proper slave module and the password is correct. 
Besides the paired slave module, the master can connect the other devices who have slave module, such 




Then the password is changed to be 8888, while the default is 1234. 
This parameter can be kept even though the power is cut off. 
 
5. No parity check ( The version, higher than V1.5, can use this command )  
Send: AT+PN (This is the default value) 
Back: OK NONE   
 
6. Set odd parity check ( The version, higher than V1.5, can use this command )  
Send: AT+PO 
Back: OK ODD  
  
7. Set even parity check( The version, higher than V1.5, can use this command )  
Send: AT+PE 
Back: OK EVEN 
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